->t^b j^^o^ 



TCjL^^J t a-LduljJ 



QM JU^J I i LlL_U X 1 



^Lkib^diii 




*^^ ♦ 




^ 



ilS 
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£J>w 



♦ 




4+ £ ++ -^ 



S' FLOP- FLIP uLj^JI 



S-R utfll 



S-R Flip-Flop 



Clocked S-R Flip-Flop >!>*! S-R u^fill 

j»UoX! J^J SR utfM 
J-K Flip Flop <>»»>tl J-K u)ftl 



J-K Flip Flop 



D FLIP -FLOP D 
T FLIP -FLOP T 



Mill 




tfl 



UbljULJ! 



'J 



-^ 5. 
















^ 



btJl 





iji^li 



.dj^jI JlLI ^*uojJl Lla_Laj5eJj (*-mj ^ Jl^Jl^^J) nJ 3_S-l2^*JI (JjJ^*J Cju^JijI j-jIjJ £3j*jla 



L^J ^jJkJI ljL^ fw-ujj ilal^lXlj ila£HI j^ i^L&J) CjUjUlI! ilfciJll gljiVl iijJt* 



.iJLcljJlllj iJLcljJlit J-t£. 4-uLuJl CjI^IJlaJI (J-U <Jj-dJl 4-2j»JU3 



L*»ljJ 



^Ji 



^juUJjj&l 







dUtu: L$iV ix^jJt fJaUl 2_ Lol aielu/l 4_JU*J! ^SipJI ^jl ^ cibljuJIj i^ljVI J^= 






. ( JUfcJI i-L^>U* ). ( 3 



J* 







3VIJ- 



^^OJ a ^J (-gjjl S^-JL-t-^J! 4-xj_uL>JI 4J 2f I (jl 




J! ( 246) jjuJI jUo? . **. 

.(246) JJuJI SAlAtl U jjU/a SALMI 



^ 



2 (<^J-M o|^ ^ 7^^2.4 ctaJLtis JlIcj .iuiLiJI O^-^f lt^- ^ (*^>^ J J j^J SR*-*J^ i-u-uLx 4JT ^icj 



s* 



!jl& J^juj .^LiuLiJl (jylc jLujLtil ^1 a1^j^?1 4-^ljj (J )\j~uj . 4 ^jJJ Ul^-n 4 7t Mipjt jLcr-t-Jt ^11 ?*lj>j 



L-JI J! 



"J. 




J^cJU 



c 






n 



; V 1 4_u^ Li. " <_J U J 



'J 



^ 



iiajJll Bj^dIjlJI ijU^ L^ jwpju j :5-<iLiJt (^JLc Ij^&Lis (<^jJI ^ 2 j j ciJLIj *»aj 




*U 4-LaJLjL^ /<UJ (^ (J^/ 



J» 



^ 



.ix^jSjJI j^tjjJI ^j-4 JUjUtlJ 4-u-uJJLj h^p* ^J- 4 ' 0JL& 



aJlJsTlluJj . CJU^L2Jl ^j-4 ^4-^ C^4^ 5_lj^Ul1j1 4 j 2 k> U I j^ljjLlt ^j-^-*-^ ^j-4 j^IjJlJI 0jL& ( O-U-uaJ *UJ 




.^IJljTjL-JIJlclJLull 




'Jl*s-f 




Lf.i.LJ 





'-> 




Jl 







L> 



u 



^ r oA^Q ^_A ^gj toUt )1 Jl JUUl (Jjjl^JJ TCjC^JJ ^jLu! (J-^=3 



, (- f- f.LJ 



4 t i t. M ) U 



VI 







(3 d -> 



-c-a 



(Seven Segments) 




K 



A 

B 
C 
D 



A 
B 

C 
D 



a 

b 
c 

d 
e 
f 

g 




Ij >U!C 



Jl 



♦♦ ♦ ♦. 



*A i u ^Q ii^ 



(jJajJUl 4-jalljal 



:4_Jl 




AVI 



S L^ajl ^^-^j 2j^U;^tt cjIjI jJI ^jl^ oLjj 



S ^1 ^LLijai Jib UiSLbj ^U 









MP 



il3 






d'j 
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a-iii uu t 



♦♦ ♦ 




Ulaj 




L^ljJ 



UL«i 



CJ\*Ji 



S' FLOP- FLIP uLj^I 

Sequential Logic Circuits 







Introduction A*d£* 



gja> Ju£l*j L^3j 4-iSi I jj! I 4 mUU l j^tjjJL ^t uiaV j JjVl £j_LJI <<£j-^ujj <j^-i Jl 4 jSUU l j^IjjJ 



* ♦ 



( a ' "* * 



j^IjjJI c j_^ ^jjJI Ijufc j^Ojj (Sequential Logic Circuits) 3 jftU~t l i jSUU l j5IjjlHj^« uufr j^^l £j-^l L*I 



ojLt. 



& 



XL 



^JkJIj 3 ilaXI JiwjJI c ^ r JLi Lq 4 tx^t 4_ s^j! jJI rp. jl^Lu o_p. (Memory) s^ 





* «-• * 



j%jJ! 2_ I q in t jj2LA\ ciLI^JI ^ Ll^L^^I *LlJI Sjl^j o^ 3 s^^I i^klil j%jJ! 4 




.s>5(jdi 



(Flip-Flop Circuit) c_>>L-^l lP'-> c^ *L^I ~»^s uj^" ^L*^l ^IkiX I 



'J 



iLL 




4-4 



^'<Pj 




i ^ Ujlj-j, jl NOR oLI^. j? NAND dU^j ^ oL^Ull *Ll> <j 




*J3 



^ 



obljuJIj 4(Timers)cjLLojJLl jlcjLajJLl JA* 4 .i2klc jJIjj ( jj L9 -^ a lJ oU>UJl ck^jo 







0J-& ^_ j^IjJlJI 0Jl-& 4_l^IjJu AJ-di. 



-<-U 



L^j^j (Shift Registers) 



\Vlc 



•J 




t 



(Counters) 



6 



JtJ*. (jr l^. (J^= Bjl^jJl 



FLOPS TRIGGERING -FLIP oLM c o* 



L£UJl LaT jtj^kJI iJUj^ju Jt Sj^iU* ^jp L^ JioJI oljLi! j^lju i^lpl ^ oL}Ul! 4 



oJufc J-^ju ^J 4_>p3 <UjJu (^JlJIj 4-^i (CLOCK o-^tj^ J^JL^a ) £ju3 Ji*JL* Jl ^Ll^J l$Jp3 ilclj^l 



4 .\n ^LL^il ^ Vjl Ji-jJ! oljLi! ^LL^il iJulj^l oL}QJ! J^Ljj jlJ^ c_^ l£JLJjlJ < iial^UI oL>UJ! 

. ^jJkJI j^JuJ 4JL>Jt 0jL& JU£. T-JL2JI (Ji-JL4 (jji^. ( ^j-dlj^) £-JU3 



>j^-4 -ij-*J r^-J i^J-*-^ ^H-^ ( 1 ) J} JULj^aJ ^-jLi]| JU£.j (U) L^Ib! Ju Qj^3lj 4 tiajJul ^JL^ : 4_c^j^a 4 tiajJ . "| 



(1.1) J 



J-JJ 



(0) J 



(i)(>(iLP* 



>j^ -^J-*^ (^-2 4JLl«-4 3jJLi] (U) Jl < La j gj 7-Jl2JI JU£.J (1 ) L^IblJU ^jj^aJ 4 tiajJul ^JL^J : 4-JL_u 4 tiajJ .2 



(2,2) J 



^.(DJKO)^^ 



1 



_L^.^ajI 4-jJaiijl (jJa^)C 
^ ^> 



4JLuj 3JU 



<±^. G^i AjL^. 







1 







-4 



4.1^. tA 4JL^. 



4JLuo AiU. 




^ ♦ 



4^u (1,1) J 



< << 



L-JLudll A Ja±A\ (_yajc 



iJLu i^ (2,2) J 



# /< 



: c^ 



sVt 




^^j 7-Jl2J1 £jb ^_ plj-M i-*-^j' LiJu-^j 



c 



9CK 



4-JLuJl 4 tla dJl 



CK 




«♦ t 1 ** * * 

4_o» qJJ 4 '^» i < 









O^CK 



4-JL-u 4^L>iJ 



*€K 



7-JLS 4-<-^_U 



L*>ljJ 



CJ\*Ji 



S_R FLOP- FLIP S-RuLj^I 








(Set Input) "1 " 4JUJ! 2_ j-^l Ji-jL* jl JUiJI Ji-jdL> <J*j-*±s S j-ajJL Uajl>^ j_^j crtl^jL^ <U 
i ^ (Reset Input) "o" UUJI ^.^yi Ji^j^i jIJI^Ij-jJ: Jiw jJtL cirnu^ R>jJL> jj^'^Uj^j^ 

^Cd,\ £J±d\-> <-*J*±$ Q >»>!Li J^>U j-^i Cr^h^' ^J^W «-f>^i Q j^W UaO^V j-aj-J O^J^" L V ^-W 



SET 
INPUT 



RESET 
INPUT 




4A&4JI >«jJI 



Q output 



Q output 



S-R Qj}\ &> V M2JI spl jJ u sUUI >jJI 



(NOR)(j!-V) ul— tj^ll JUu^j R-S infill 3>to 



s 



R 




S-R <_aiil1 s>^»-5 



Q 



Q(t+1) 



Q Q(t+1 ) 



.LJUJI yL^J! ^}Ujdl ji S-R ^^l 2 >5I j 



4 Lala-UJ| Cj^jbujJ 



Q(t+1)= Qt+R 



Q(t+1)= Qt+S 



Q £-^^JJ iiLJl ilUJl l5 x*j Qt yji 

Q ry^^JJ o^jJ^JI SJUJI ^^ Q(t+1) yj) 






s 


R 


Qt 


Q(t+1) 


ollwOl. 








1 


1 


/uiau 

















1 


1 





^U-jVl IUU 





1 








1 





1 


1 


*^^J! 4JU- 


1 








1 


1 


1 


1 


^V^j^" 


£ll4)u 


1 


1 





^j^js* 



Q(t+1)= 1, Q(t+1)=0 oj-^ ^^^ (Set Condition) a U & jl iJL^ iJU 2. S-R V >UJ 



o-*j . Q(t+l)=o >Q(t+l)=1 uj^j L*-^ (Reset Condition) iL*Li> /\ JJU^j^ SJU 2_ S-R ^>UJI 




<jr 



ULaJjJ ^jILiJl t j>5^3J (l) ^ £ U U I ^jTlcu-1 Lj S JiwjiXt CjT l^. jijj Laju^. 4-jI Ju>o c-j^La 



i>° 



L*V 



i±Hul 



^jJeil u TtWiW (_^jj_uJLI (jj. 




15II t^ 4-j < iiUJIQt iJU frc jJ^lJ! ^^Jb (iJLuiJ! ilUJI) Q(t+1)= 



1 



oj-^Ulu (UUiJI >^^JUKJI)Q(t+l)=0 pU(1) u Mv.ll ^i.uJUj R J^jJI ^ L^P' ^b Q(t+1)=0 



tfi 



i l a A 



jLs(1) u SU;t,l ^^icJLL c^JI ^ls Rt> J^= er^ ^' 'M ^ 'Q( t+l ) =1 rj^i ^^X\ ,j^A\ 

cdJi ^jLSj 4JjUt4 c,l>jj i (unpredictable) ei>jj^ j^Lj jjlse* j^jm^j 3UUI £>iJI 




JLtll 



4_JUJ( c^Ujdl cili S-R ^}L2J! i ^\jJ as.s^tl , Uj^ 



. V }UU s^l ju J}Li^M 



*iJlo}L^j II o! i v >UUSj^lj ji lUJUi *^_Sj^!jt 




-CiXJ 



'J 



.(Active High Inputs) 



^>u.jai 


£>^J1 


(Mode of Operation) 


S R 


Q 


o 

1 
1 

1 1 


Q 



1 

9 

• 


No Change 
Latch RESETS 

Latch SETS 
Invalid condition 



** 



kVl jUrntl 4- I 0^ iijJL* J^ 5JUJI *JlA> 2- JTjliat ^ f$ ^J 4 NOR ^I^lU ^Lt^l 





(NAND)(J-V) ul_)l^l! JUu^l R-S u»! *jib 



^ 



JUiJ! ^j^JLl (j^ Ij-laij J^ui 2_ U^= NAND ^Lj ^ ^>L2J! 2 >51 j *Ll> ^ ^-, jj 



Ji^-4 




4_?e_^> 



2^ I 



'j> 



jUA 



JLiwL LIUJI oJ_A 2_ iSjrt^tl Jjj^ o^ I ai (0) >* NAND ^I^J 



(Active Low Inputs) s.ux^-.w iJUiJI o>UjJLl oli V >UJI Sj^l ju iJUJI ,jjub 4. s^SljJI 




'J 



S 



R 




S-R V >UJ! s >5b 



Q 



Q 



s.u^-.ti iJLui]! o>Ujdl ji S-R V >L2JI 3j^l j 




Ji 



^}Ujdl 


E^' 


(Mode of Operation) 


S R 


Q 


o 

1 

1 

1 1 


9 

• 

1 



Q- 


Invalid condition 

Latch SETS 
Latch RESETS 

No Change 



s.-^^-.ti o>UjJLl oli S-R ^JLJLI Sjil jJ irtjrt^ll Jj 



:^j x\ * tx^\l ^ LLL^=3uc-> 7t-<.^ ji> I 4 £j£^.ti JjJl>» J j jJaJJuj 






Q ^>iai JJfljj tiJLcJLl Sj^Ij 4JU j^iu V c<3$JI ^^ii 2_ u^jdtl tylc ( 1) (jr 2kli! ^jl^JLl jj^j - 







Lajd^i - 



^ 



j^ 1 o^> Jt\ft >LuaTQ = 1 







I 




lit La? i Jjjl^JI c j-^ ^LiSI jJa 



.cu 



2.U 




(1)J 



.jjuJZ ^ I <jjOJ 



Jl £j±U u 2 U ; t, I ^j^uII^uuj R=0 J^jlXI <S=1 Ji^jJLl ^k. L7 ikUI ^jl^dl 03 




Lajtl^. - 



* 



^jjji-j j_a I <i^-i (J fcn^ ^Lt^> I Q 








^ 

o 



1 




I j| L.T i Jjjl^JI <>« ^->^' >U,,,tl Jail < (0) 



* ** 




4 



4_)Ij-l! JLstiJI ^gj*? luXI (Ji^ 4-J^ !>^ C^jJI (J-oAj I§_ ^liw JlU ^^ (O ) (^ILuJtt J^jJ £^9"^ 



LU (Q 




♦♦ % 



.<L2 





U3 




^jLUI UU <jp* jw ^ NAND 



SJUAJ! o>Uja! oli ^Jl_Jll s^Ijl! (Logic Symbol) w akUl j_«jJ! ™jj J 




JUX 



"a.~z±'.\\ iJLuiJI o>UjJl! ji <->yL2U ij5\i* LJLJ! 




(!) 



Q 



Q 



s 



R 




(cj) 



Q 



Q 



s.^A^-.t lj i_JUJI iJL^I oMiwjdl c»li aJUJL 



3 jjljJ /- ii t~> i t, I j-ajJI 



j^L j>c liiJij 4 .u^:ti iJLuij! oMiwjd 



MSJ! s 



>J-j|-i J-*£. 4_uLi^= ^-^JJ CrJL^I J^i 



i S — 0, R. — *_ us^ 1— JtJeTu i_3^j-uj -(Q) 7^> ; ' , -^^ > J' : — •* ■"■ ilarw^Laj S, R(j-a (J^= cr^ - '"'^ ''"'.'*' f-^J 



.4JUJI (>Jufe IL. iajjjjL^ (J3^aj ^ jrj^' ^^- 6 



Clocked S-R Flip-Flop j*\yX\ S-R u%l\ 



? 



* us j j^jtj— J IjJkj ^^Ij^lU^ t r <^^ULjLj 4U_l^jIj (3^*— < 



XL 




L-Vl S-R jl S-R ^^L2i\ ^j^u 




j U^, JLill ^ sU:M ^y, cJLLjJsLU) J3 _2 o}Liw jJt I j-uJ«3 n-* Sj_j,La (Q) c 



JUL 



kll 



♦♦ % 




^^.Ijj V J^=lA> lU^ 3 ^LJ.1 j% Jj L^LJI L2LUI j^IjjlII <jL cdljJj < JLj^Uill s : aU:tl >S|,jd| 




l. <— U-Ti 



((^Ij-is v >^) 6-1 j-i- ^L^ j^Ijj <JI ^Li*S 4 jSUit,! 4_ugp^J)H ptv, II 



u 



^ 



1 Sjto Cj LqjIjlX I J uJ uiJ <Jj-*^ L^4 *\ kilJl J^Liw Cj Lc jLtX I ^Jl qHj1j^>> Lj £j_c Cj 



JL^^IJ^ 




^ 



J_wy ^f c^j3 ji jisljj ol .^>.;t LSijj J-wu (>ljJUll S-R v >Lill £,La I JJj t^jiUll 6^jJ1 c-uSpll 



^ 




% I * ** 



Lh 



CjI r^ ( > £j-A 3^JU5t^3 4 tort 1 jLt£. < H rt a vujlLj Lij-ai ?7>J>Jl £)| /j^-*^ L>^1>~^ 4 fll^n <jL) J 9J2J I ^j ^n fl 10 



^ 



L> 




«j cdJjijj < (CK) ljl«,VrJ c-O^dlj ei>j_^j (Clock Pulse) i^LJI dU^ l^Jc jilaj La j! <>*l>ill 



Z 



1 pi ■ 



% * 



/ 4 rrO ( r 




^ 



LJ 



4_u^_U 



^t* 



LLcl w 




, E >Jl! ^^Ul 6 I J^l 



4 l^jJlJ ^_L-bt Jj^jLC -ij^J OaJV^L) 4_t3j ^j-AljILtj S-rV C_J^LflJ ^ rt V> U 1 J^jJ! TCjC^JJ J 




.cu 



.(CK) 4^,1 mt I 4_tia_U J? ^j^tjUtt 



Mills 



• >5b 




~ A 



^J.1 a^UJI jd^ frA\yti\ L±£ o^=^ UjlL^ (Q) £jiJtl Jl S,R ol^LJI 



. E >JI Jl J^jdl <> oLLJI Jill 



S 



CK 



R 




Q 



Q 



cy>\y&\ S-RvMiiUj^b 




>jjl 




Q 



Q 



s 



c^K 



R 



Q 



Q 



(!) J 




JUJ 



MJ 




-CJJ 



.6-lpU S-R v >Lill u sU;tl >jJI 

^j-ju I Jl-Aj 4,cl Lull 4 Ja-U ^J^jL^a aLo| S^ujLlo 4j^jiJ 4 ^l^w -i^-^^J aJl^ < H^^Lj ( l) J 




JUX 




LsUkII ^i (Positive Edge Trigger) i^JJ 4 .v.utl iiU Jj-^j ^ VJ jJ^ o- 1 S_R v^*-^ 1 g>* u 

IJL^fcj Zj,i ,r,\\ 4_^| jj| iil»J| oju* J^.J Ja*>L (c_.)J^ulll ^_ Liu < (1) Jl (0) 6°j^ 6^' 



4_aL»JI fj] (Negative Edge Trigger) iJL^aJI A - . ia. j J 1 iiaU. Jj-ioj ^aj^ib i_a^ <_j>UJI ^ji*. ^i ^^ 



■ (0)Jl mo*jittjii\ 



LAW 



<7 I l<^> 



<NANDciLljjfljL*iuiL^j>UI S-R^M^J! spbc**} J 




.cu 



J^jl* ^ sj^jil oLUJI JJii ^9 . <d (>ljJUI JU^li. ^L2>V ^ij ^L^l aJLJll Jl NAND 

: ^J L(J t^Jtl! I (jyic ^ctjlJLt S-R <_J^L2Jt J-tiLliJ 4-^JjJs J J t^t<V*<tu (j*-^ 4^LJL>Jl (JjuL^ 



,Ul!1 . ..a "u *_iiijj| I Jufe i_3jju_j (j-^'j-"' * ' ' A ." *<j»~*' a tj^ O^^ 3 l' : ~' (Jj^J ^gTj-L«Tu 2 ?T_>->J 



Jl (Q) t^a^ljJL!! i .nyJZtZj ( S=0 , R=1 ) ^UJI Jjy , ,,\.L R j£-jl\ ^j-ubJI fib LaJU£: 



.(Reset) iJLuiJ! J ^iIL»JI^_ vl M2JI ( jl JLSjj (0) >nll LyU ^ £>iJI op* 0) 
(0) o-" o- '-^' *^ a ^ J-^J ( S=1 ;R=0) erJLjtJI 3U;t,l ^"...IL S J»»jdl ^ j-ubJI jOc 

.(Set) iJU^JI 4JUJ! ^ V >UJ! 6i J^i Q=1 £>J< ^ < 1 ) ^! 



^ 



oJuA 4- £J^' ^^ U^ ^^ ^ U^ f JiitlcuJ V ( S=1 ,R=1 ) (JJ^nj L* J^ jj^^tl j-x^jJIj 



♦♦ % 




a> 




SilUJ 



(1)^1 (0) U-° i^LcaJ! i^ 

Qq JJLiLi-uJI iJUeJ 



JiljuJI 


£jie-JI 


Jj+A"N t^J 


CK 


s 


R 


Q 


Q 


II 








Qo 


Qo 




Jl_ 





1 





1 


JUAJ! j^£ j^jJI 


_n 


1 





1 





JULOJI *_t-bjJl 


ji 


1 


1 


? 

■ 


? 

■ 


4J £j^lA j^ £x^ J 


■ — ^ji 



^_a j^iaTlJ (j^-Ii (^1 ijJL-uJI 4 ua-ul I 4-bLv x_A (J-^*^ l£^' ^-JY C-J^LaJJ 4-a-t2j>iJt (JjJ^J <J-$-*-!' ^J/^^J 






J±^£* 



? 



j c3j_^, ^Jl 2_^uuJI o' - u r * J^lj <-s>^1 £* c^ 1 "^ 1 v^ 1 L* 1 ^ lP 1 ^ (0) J! (1) 

(o) J! (1) ^^rpJii^ 



jkUjVI J?lJL4j S-R ytftf! 



^lAjVI Jiwlj^j (jr ^-uJj 



& 



j 



(PRE) Jl j ^-^(PRESET) ^ , ,„ tl ,U , .^ i t JUill j^ Ja. jJI Ua 



LjL^-U 4_c4 



L>"»^fc!-^ s Jt3-^ Q ^J^'^hhH*^ ^AJ ij-u^tt <Uh^U ^jJ*1<-uj (PRE) JiwjJltj 



CK, S,Ro>Lxjai i^ ( >^jJ^I^ > ^j <(i) .PRE = ^j J^(l) 



(CLR) J I j u^ ij (CLEAR) e ,„„lt JUAJI j^ J^jJ 



CLR = t^J ^-^ (0) £j ^ ^'j^^H^ bj- 1 -^ Q s>^l j^h* 3 J^ ^^ Jiwj^^^ ^jit 



( f.M ) 



PRE 




CLR 




Q 



Q 



CLR t PRE o^-J^W ^j>> s " r v^' IhU w sU;M >j-!I 




4 SjA3fcj| (JjJ^* 



j LcJlJ^. 4j| JjJu>J 



^L^j ^ i , ^j Q ^j_iJl ^Li (4U.VQ PRE = e*%JI (j^ii 4-j CLR = 1 <j>^= 

PRE = 1 jl^ Jjjl^JI cj-* c^L^I j ta , ,,11 4- . CK, S.Rc^jUI i^^jJ^I.-sj.^ .(1) 



*uJa (j-c j tail! ' **J '-^.'J (0) l£^ »i* Q TTJ-^' *-»^ J-*-~> 4r i-'j uuj I jLjfcj (iL_JiJ) CLR = <-dJj ^j 

.CK, S, R cAL^jdl 



c»iUjai 


£**■*' 


1 * *M1 

(Mode of Operation) 


PRE 


CLR 


CK 


s 


R 


Q 



1 




1 





XXX 


XXX 


X 
X 
X 


1 



• 


jujtl £^1 (SET) 
jUMIj^^yi (RESET) 



.S-R V >LUI SjSb 4. CLR < PRE j^jX\ J^ ^ 




s-r u^fiu 4Ui£wi s^mi 
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Package Options Include Plastic "Small 
Outline" Packages, Ceramic Chip Carriers 
and Flat Packages, and Plastic and Ceramic 
DIPs 

Dependable Texas Instruments Quality and 
Reliability 



description 



The '279 offers 4 basic S-R flip-flop latches in one 

16-pin, 300-mil package. Under conventional opera- 
tion, the S-R inputs are normally held high. When the 
S input is pulsed low, the Q output will be set high. 
When R is pulsed low, the Q output will be reset low. 
Normally, the S-R inputs should not be taken low si- 
multaneously. The Q output will be unpredictable in 
this condition. 

FUNCTION TABLE 

(each latch) 



INPUTS 


OUTPUT 
Q 


Sf R 


H H 


Qo 


L H 


H 


H L 


L 


L L 


H* 



H = high level L = low level 

*For latches with double S inputs: 
Qo ~ the level of Q before the indicated input conditions were 

established. 
* This configuration is nonstable: that is, it may not persist when 
the S and R inputs return to their inactive (high) level. 
H « both 5 inputs high 
L = one or both 3 inputs low 



logic diagram (positive logic) 



(latches 1 and 3) 



(latches 2 and 4) 



si 

S2 




R 



Q 




Q 



SN54279. SN54LS279A ... J OR W PACKAGE 

SN74279 . . . N PACKAGE 
SN74LS279A . . . D OR N PACKAGE 



{TOP VIEW) 




GNDf 



SN54LS279A . . . FK PACKAGE 

<TOP VIEW) 



ICOiflC U U|W 



/ 



OOOOIT\ 

3 2 12019 X 

1S2 D 4 18[ 4R 

1Q ] 5 17[ 4Q 

NC]6 16^ NC 

2R]7 15[3S2 

2S ] 8 14 C 3S1 

9 10 11 12 13 



\ r-immr-im 
O Q U OIOC 



NC - No internal connection 



logic symbol 5 




(4) 



1Q 



(7) 



2Q 



(9) 



3Q 



(13) 



4Q 



*This symbol is in accordance with ANSI/IEEE Std. 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for D, J, N, and W packages. 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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recommended operating conditions 



w 



g^ u 



Vcc Supply voltage 



Vjh High-level input voltage 



V||_ Low-I eve lin put voltage 



Iqh High-level output current 



*OL Low-level output current 



SN54279 



MIN NOM MAX 



4.5 



5.5 



i^"^"*» 



Pulse duration, low 



T^ Operating free-air temperature 



20 



-55 



0.8 



0.8 



16 



SN74279 



MIN NOM MAX 



4.75 



20 



125 



5.25 



0.8 



0.8 



T5 



70 



UNIT 



. 



V 



V 



V 



mA 



mA 



ns 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 



V|K 



TEST CONDITIONS 



t 



V CC «MIN, 



l| « - 12mA 



VOH 



vol 



'i 



»ih 



<IL 



'OS§ 



<cc 



V C C=MIN, V tL ~0.8V, Iqh g - 0.8 mA 
V CC =MIN, V m -2V r 



Iql = 16mA 



Vqc = M AX, V| = 5.5 V 



V CC = MAX, Vj = 2.4 V 



SN54279 



MIN TYP* MAX 



-1.5 



2.4 3.4 



0.2 



0.4 



1 



40 



Vcc^MAX, V ( =*0.4V 



V CC - MAX 



Vqc * MAX, See Note 2 



- 1,6 



18 



-55 



18 



30 



SN74279 



MIN TYP* MAX 



-1.5 



2.4 3.4 



0.2 



0.4 



1 



40 



- 1.6 



18 



-57 



18 



30 



f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at V^c - 5 V, T^ - 25°C. 

§ Not more than one output should be shorted at a time. 

NOTE 2: \qq is measured with all R inputs grounded, all S inputs at 4.5 V, and all outputs open. 



switching characteristics, Vqc = 5 V, Ta = 25°C (see note 3) 



NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 



UNIT 



V 



V 



V 



mA 



mA 



mA 



mA 



■ 



mA 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


S 


Q 


R L -400n, Cl=15pF 


12 


22 


ns 


tPHL 


9 


15 


l PHL 


R 


Q 


15 


27 


ns 

UM J 
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recommended operating conditions 






Vcc Supply voltage 



V|H High-level input voltage 



V||_ Low-level input voltage 



'OH High-level output current 



k)L Low-level output current 



t w Pulse duration, low 



T"a Operating free-air temperature 



SN54LS279A 



MIN NOM MAX 



4.5 



5.5 



20 



-55 



0.7 



0.4 



125 



SN74LS279A 



MIN NOM MAX 



4.75 



20 



5.25 



0.8 



-0.4 



8 



70 



UNIT 



V 



mA 



mA 



ns 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 



V|K 



TESTCONOITIONSt 



V C q = M\N, l| = -18mA 



MIN 



S N54LS279A 
TYPt MAX 



1.5 



SN74LS279A 



MIN TYP* MAX 



- 1.5 



UNIT 



V 



VOH 



V CC = MIN, V| L =MAX, l H= -0.4 mA 



2.5 



3.4 



2.7 



3.4 



vol 



V CC = MIN, V, H = 2V, 



lQL = 4mA 



0.25 0.4 



0.25 



0.4 



V CC = MIN, V, H = 2V, 



lQL = 8mA 



0.25 0.5 



l| 



V CC = MAX, 



Vj = 7 V 



0.1 



0.1 



V 



V 



mA 



'|H 



V C c = MAX, V| = 2.7V 



20 



20 



'IL 



V CC =MAX, V|-0,4V 



-0.2 



-0.2 



mA 



mA 



'os§ 



V CC = MAX 



-20 



- 100 



-20 



-100 



mA 






tec 



Vqc = MAX, See note 2 



3.8 



3.8 



mA 



f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values are at V*cC = 5 V, T^ = 25°C. 

» Not more than one output should be shorted at a time, and the duration of the short-circuit should be less than one second 
NOTE 2: \qq is measured with all R inputs grounded, all S inputs at 4.5 V, and all outputs open. 



switching characteristics, VcC - 5 V, Ta = 25°C (see note 3) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tpLH 


S 


Q 


R L = 2 kH, C L = 15pF 




12 


22 ; 


ns 


tPHL 




13 


21 


tpHL 


R 


Q 




15 


27 


ns 



NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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oL^ J^=^i ^u,j\ J^ A 1 S^^ J^=J J^jJ! oL^i J^i ^ 




S 



R 



Q 



J : 



Jli- 



Q =0 ^ o^jdl M^J i^ J_j? j^ J^ Q jrjJJ! L^ yjJI iibJI ol o^ 1 (Q) £>^ 



:>J! 






I 




ji < 



J 




.^JLJLl Sj^U ^jJI -UU^tl 



♦ * 



-UJ 




2»_jXIj S-R ^>U]! s^SI jj (Q) ^JJ! oU^ J^, 5 ;, ^j 



Jli- 



77J^>* ^-LiAJ UJ^LnJI SjJll J £)| ^D^lbt J^n mi ^_ Tt-t^j-^ S 5 lv 5 CJv ^-c J^^t J^jJI Cj 1 r s> i ) (J 




JLM 



.Qj$\yjl\ Cj\ tia-u £ya 4 tiaJtJ Jj| Jjjloj J_l9 Q — 



CK 



_n 



s 



R 



Q 



•Cy*\yiX\ S-R v >l2J! s>5ljj <-iajJ! .uui 



9- $• 



.Q = 0ul^l j^J <>J (Q) ej JkJI ^LJLj <S=0,R = JjV 

.(Reset)Q = g>iJI JJSy cr^Wi ' S = 0, R = 1 JLili] 

(Set)Q = 1 o? ^f (1 ) JjQ ^IJ^^ULj <S = l,R = 0iSIlS] 

.(Reset)Q = 




o^=^ J^kj < S =0, R = 1 Juul J 



.(Set)Q 



1 




a* 




j^JLULj <S=1,R=0 ;l^UJ 



Q = 1 6' t$T (1 ) ^iL«e ?r>JI Jl^J er^Lj ' S =1 , R =0 i^jLJ 



Cy>\yj}\ 



A IS* ' ) 



0*W\ 



A ' ^ ' ) 



:>J 



£yz\ V-u\ <Lua_u JlIc - 






L-ljJ 






J-K FLOP- FLIP J_Kul-^k)l 







J-K Flip Flop >l>tl J-K u^Ull 



^ 



ti!L*»)M jIj^lIJI <* Jut ^jtj Jj;,V.it JjVI SMill ^L2»jVI 4- S-R V }UI! UU: JjL^ J-K V M2J! J*c *^>% 



^ U^= jJi^ ill*. <U o^ J-K V >UJ! (j| ■ La Sia tij^ilj .(Reset) iJLui]! j^ iiLJIj (Set) iJLuiJ! iiLJIj 

.S-R v >l2JiyU.^JL>JI 



^ 



>UJ! I juk oLa UjL^ Lij^=i Ui=j .4J ^^kUI j_ajJI iilJ jl^j <>«ljJiXI J-K V >U 




^<j^ J 




JUX 



.jj-aljILlI 4 1 '<~\ 1 1 -i_a^-J ^-J (1) (_, 5 t=a « t, I (_gj~ utX I Jt-Lc 



cjMUI SjSb 



J 



CK 



K 




Q 



Q 



<d u 3U;t,l > JU <>lpi1 J-K V }UJ! s >5! j 



,j_c i^illita ej>LUM jub SjjIj jjl J ^-,,':, ^a ,fA^ \T, 




* I * 



u 



SRc-iiLaJUjJb 



.^jjwj 3j^3 Jiw jj| ^^ (j^Luaj-A Q i Q 




Q 



Q 




>jJ' 



f 



4 rnrt*»-tl (JjJ^- 



j| LfJLcu^cVt 4-JLn. (Jj^M J La ' all (J\J-£J J-JV c-J^L^JJ 4 ^j^^tl Jjjuv TCjL^JJ (JjjLJ>Jtj 



^ 



Jj-^JI SJLn. JjJu>Jl ( j^ (_^Li-!t j La < «tl (j^fJ L^JLu t (0) j <7<^tU ljjLcu_a J 5 K ^c <J^a £ 



u> 




LcJlI^. 






LUU 



jU ,.,tl Ul <( >aljill i-uaji J$4-»j j-a ( J=0,K=1) JiJjJt! ox^ Ujuc (0) 4JUJI /\ (Reset) ^JLI /\ 



Jj-^j j_« ( J=1 ,k=0) Jil jUI qj^" L«jLit J-K ej^UU (Set) iJLuiJ! iJL»J! 2_ ^J^JI <j^ <iJlill 

< (Toggle) JjL-OJI *_^j ^a L.1 J-K uj>La]| CjVU* jj-a LoU 4_!Lv *_>ljJI jJa uJI (j^-Ji •U- a, j^' d'\n 



4 I m 




UU1I Jl J^ij Q g^iJI oLi (1) ^kUl^jludl-L-J,^ 




LoJl1jl£ 



.CK (Jiwjti! Jl ^j-^ljuJI 4 <>> n J-i-^j Lcjilc. 4J 



JiJjuJI 


£jie-JI 


Jj+'^t t^J 


CK 


J 


K 


Q 


Q 


Jl 








Qo 


Qo 




Jl 





1 





1 


JUAJI j^£^jJI 


J^ 


1 





1 





JulojI *_t-bjJ! 


JL 


1 


1 


Qo 


Qo 


JjuUlIt £_t^j 


Qo ^uLLJIiJLJI (1)^1(0) (> ^L-Jli^ 

' ^^[ 



.(j^lj^Ll J-Ku^iDil^l Jjjus 






I 




i!J 




% * 



JUJ 



<>*, v M2i! o\ j^j^\ A 




h^\ 3 j-k v^ 1 b^ (Q) £j^' cjL^ A^r„ p^j\ 




^ 4_ ^sj^ CK i^L5 Jl^j J-K t>° J^ J^^' oLc^J J 




-UJ 



.^Ijj 4-i^u Jjl Jj-^j Jj^ Q=0 




Jlla 



:J~J 



CK 



J 



K 



Q 




(>*!>HI J-K v^ 1 l^l jJ c^j- 11 uu -" 






^ 



( J=K=0) ji IjJ^-J Jij^j-LI J-& j^j-JlIj I aJl£. jl ciJl Lu <\VI *-^J Q^^aJ <Ljj 



:iiii 



i> 



| 'A\ * U2t I > JU 






q=0 u^=^ cr^^J (Reset ) ^j ^*j (J=o,K=1) a* 




J 4 



** T I ** 




4 <XN « / 



»t .*. 




Q=1 oj^ <^J (Set) j-^jj^j ^=1^=0) u$^=y <i*jljJl i-t^dJ! cjjo^ j^i - 



^ 



^JLl Q rj^>Jl (J-t^ ^LlJuj J,K J^-*^ AuL*J IjJ^J 4 lu4\L>JI 4 <>m <tt <Jjj^>J *_4 j^ILcaJ (S©t) ^JdjJI 

• (1) t^i 



J-K Flip Flop 



£>tI4lj£Ull J-Ku»l 



Jd>^ clH 1 *>>' ^' *^*> lU^ * J^J^ L^4^ (^) J 




^JIJ 



I 




^LU! j-k v>L^I s^b^^O) J^; 



£3j_sl* Q ^ JJ ^jlll— JjllJI J-K V^~^ C^j-" CjH^' fUuij-JI (-*") J^ljUI J-^JJJ • LTh^l 4_2^>JI JjJi^ 



U ^Ul~,V I J| oLiVL 3^1 jJJ n^W JjJl^ J! gj^W ( Q ) £>^ «^L^ J^^i ^ Jj-^J I S^ 




.p^jHil — *-JLi5' S-R *— i^LSJI Sj^l j ^_ <L>.j_tu (3."" 



Master 



Slave 




Q 



Q 



•t-*"- 1 



^bjl j-K v>^i' IhIj (0 J^=^ 



JiljL*J1 


£jie-*JI 


Jj+«-*"N f^J 


CK 


J 


K 


Q 


Q 


JL 








Qo 


Qo 




JL 





1 





1 


JUAJI j^^^JI 


JL 


1 





1 





JulAjI *_t-bjJ! 


JL 


1 


1 


Qo 


Qo 


Jjj^OJt j-^j 


Qo i^LJIiJUJI (1)cr»l (0) <> ^UJIi^ 

1 ^™ 



.<>»I>UI J-KU>U11^C^I JjjL^ 




*jbJI J-K vM2i! S^SIjJ Uj£*J\ Jjjl^. (u) J 




JLM 



CK 



J J 



K 



Y 




Y 



CK 



Y 



Y 



Q 



st 



s£ 



s£ 



st 



s£ 



s£ 



sfi 



s£ 



s£ 



ME = Master Enabled 




(Master) *£» cjL^j Jliii 



SE = Slave Enabled 




(Slave) pjAJl ^^ JliSl 






■fji^ 



ybJI J-K s^U ^jJ! Jal»dl (_».) 



L-Ijj 






D FLIP - FLOP 



Dul— »^i 







D FLIP -FLOP : D 



>Lail 



(CK)(>'i^l (>J^i < (D) oLLulJ ji^Ij JiwjL* j^j d^M^ < (D) ^LU! w su:ti j^Jl j 



4 a 



J 



^Jlj 



4 




'J 



4_c^_U 



juu 2>Jl jl j^j j^jJI oL.Lu jV (DELAY) jaihJl <_jMi. cdJj^= 



. C-J^L2Jt I JL^J ^^LiJl C-jlj <«M1 (JjJ^ J-^- ^^ 




(3,3) J 



A idii (jr^ U^= R j^jJil (^k. NOT 5J^ ^LiL RS <_>M2Jl <> D <_j>Uil *l_u 




dL9 




J 



L dUj ^ U^= k JiwjJU J^. NOT ajI^j 2&LZ>L J.K <_j}U]1 <> D <_>}UJI *Lu <> 



AJ 



(_> 



cULIJL 



A-> 




^jiiei^ . o^ljiil J.K j R.S ^M! ^i^U. *ju. D <_iMiJ! ji^ici o^=ucj ciUjuj < (4,4) 



4Xa,ulI5 Jl^i ^JJIj PR L*Aj D «_j>UJ! (JLl ( ij^-mLuJ ) iialj^ >uL Ji-ljU iaLbt (j 



AJ 



diJJL 




. (0) t5jL<-uj Trj^-II J*^| 4 Uj mi m juc ^ JlII (CLR) j ( 1 ) (£jL<^j 7rj^>-5l J*^ 






^j-ol jllll CllLjalJ (JkAA 




£J 




(D) v }L2i] u sMt >jJ! 



D.FLIP - FLOP 


CK 


D 


Q 


Q 


t-j^LSil f-^3 


_i~~l 








1 


(0) aJUJ! 4. £± 3 


_i~~l 


1 


1 





(DiJUJi^-^j 



(D)cj>Uli 



jij^ 



Jl J>x^ 



D 




LjilS J^^ (4,4) Jii 

J.K 



D 




u^Ji^ji (3,3) Ji^s 

R.S 
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Philips Semiconductors 



Product specification 



Dual D-type flip-flop with set and reset; 
positive-edge trigger 



74HC/HCT74 



ORDERING INFORMATION 



TYPE 
NUMBER 


PACKAGE 


NAME 


DESCRIPTION 


VERSION 


74HC(T)74N 


DIP14 


plastic dual in-line package; 14 leads (300 m il) 


SOT27-1 


74HC (T)74D 


SOU 


plastic sm all outline package; 14 leads; body width 3.9 mm 


SOT108-1 


74HCT74DB 


SS0P14 


plastic shrink sm all outline package; 14 leads; body width 5.3 mm 


SOT337-1 


74HCT74PW 


TSS0P14 


plastic thin shrink sm all outline package; 14 leads; body width 4.4 mm 


SOT402-1 



PIN DESCRIPTION 



PIN NO. 


SYMBOL 


NAME AND FUNCTION 


1, 13 


1R D , 2R D 


asynchronous reset-direct input (active LOW) 


2, 12 


1D, 2D 


data inputs 


3, 11 


1CP, 2CP 


clock input (LOW-to-HIGH, edge-triggered) 


4, 10 


1Sd, 2Sq 


asynchronous set-direct input (active LOW) 


5,9 


1Q, 2Q 


true flip-flop outputs 


6,8 


1Q, 2Q 


complement flip-flop outputs 


7 


GND 


ground (0 V) 


14 


Vcc 


positive supply voltage 



iB (T 

id|T 



1CP 3 




1 



iqQE 



1Q 6 




GND 7 




u 



74 



J4]V CC 




2ft 



12j 2D 

Til 2CP 

To]2S 

kMHM 

9 |2Q 
2Q 




7Z93U0 



Fig.1 Pin configuration 



2 1D 
12 2D 

3 1CP 



11 2CP 



4 110 
1 S 1 2 S D 




CP FF 



1H D |2R D 
7293117 1 1 13 



1Q 5 



2Q 9 



1Q6 



2Q 8 



Fig. 2 Logic symbol 



ii 

12 



13^ 



S 

>C1 
ID 

R 



1^ 


s 

>C1 


5 


J 




J 


1D 


^ 6 


1l^ 


R 





9 



8 



7Z93119.3 



Fig.3 IEC logic symbol 
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1 



10 



12 



11 



13 



1S D 

ID 




1CP 



s 
d a 

CP FF1 



1R 



2S D 



20 



2CP 



2R 



S D 

o a 

CP FF2 



10 



ia 



2Q 



2Q 



6 



9 



8 



7ZG3119 



Fig. 4 Functional diagram 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


S D 


Rd 


CP 


D 


Q 


Q 


L 


H 


X 


X 


H 


L 


H 


L 


X 


X 


L 


H 


L 


L 


X 


X 


H 


H 



INPUTS 


OUTPUTS 


S D 


Rd 


CP 


D 


Qn + 1 


Qn+1 


H 
H 


H 
H 


T 


L 
H 


L 
H 


H 
L 



Note 



= HIGH voltage level 

= LOW voltage level 

= don't care 

= LOW-to-HIGH CP transition 



1. H 
L 
X 

Q n+ i = state after the next LOW-to-HIGH CP transition 
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Fig.5 Logic diagram (one flip-flop). 
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Philips Semiconductors 



Product specification 



Dual D-type flip-flop with set and reset; 
positive-edge trigger 



74HC/HCT74 



DC CHARACTERISTICS FOR 74HC 

F o r th e D C c h a ra c te ris tic s s e e "74HC/HCT/HCU/HCMOS Logic Family Specifications". 

Output capability: standard 
cc category: flip-flops 



AC CHARACTERISTICS 



GND = V; t r = t f = 6 ns; C L = 50 pF 
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Philips Semiconductors 



Product specification 



Dual D-type flip-flop with set and reset; 
positive-edge trigger 



74HC/HCT74 



DC CHARACTERISTICS FOR 74HCT 

F o r th e D C c h a ra c te ris tic s s e e "74HC/HCT/HCU/HCMOS Logic Family Specifications". 

Output capability: standard 
cc category: flip-flops 



Note to HCT types 

The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications 
To determine Alec P© r input, multiply this value by the unit load coefficient shown in the table below. 



INPUT 


UNIT LOAD COEFFICIENT 


nD 

nR D 
nS D 
nCP 


0.70 
0.70 
0.80 
0.80 



AC CHARACTERISTICS FOR 74HCT 



GND = V; t r = t f = 6 ns; C L = 50 pF 
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Fig.6 
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clock pulse width 
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Clock 
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The Modulus (MOD) of a counter jUsJI JaLm 
dJL (MOD) J\ j ,^^ (Modulus of a counter) jljuJI J^Ll* Jzj-ju 

:£a}UJI ^IjLki^L, jl j*. ^V MOD v L^v a^ij U^ .jljutll £>JkJ i^JiU 



N 



MOD 



2 



n 






(n = number of flip-flops in the counter circuit) JjlJI SjjIj 4- <^L>^" j-^J j ■ 5jLC - 



n 



N = 2 
= 2 



n 



n=4 j>1ji*J! s^SbS-obiLall^Sljj jjlc 



4 



16 



JlJLAll UL££ JJL£ 




lo 



i f * 




am jl Jl_*JI J_l*j (_£ jJI Jl«JI J-aL*-a JyjL^j 4^-i^eJ jl JutU A-Jj^gtl CjL>LSJI JJl£. iajJL«J 



%♦ <r 



:a^>UJI (Jj>U £>£. jljutJI 4.JI Ji^J JJl^- u ^^1 



1 m"w (j^=uc^j t -it jlaJ! L^Lo ^ <t fr^tt cjL^L2J! 



N = 2 



n 



N^2 n 



(9 n )^L^j ^ N -JJ^Jt lA 




4i 



2 n 




N 



2 



n-l 



03 




n oL>UJI jj^ Jufw'G 



2_iic 15 '»t >1 '«lt 4 *<j^-. n tl ,->! .\l Stl ui- j^L 



N 



2 



n 



15 =2 



n 



l 



♦% £ 



jjfe jljJtiJ JO£. lJ J^£\ 



15 + 1=16 

2 



j_& JlajI J^oula {£ 



2 



4 



16 



n = 4 



4_JklO '«* >l Ull O^^auJI ClL^Lfllt JJul^bU 



10+ 1=11 



j^fc JUlJI JaLua ^| N = 10 : _^ jlj^U JJ^ cr^al 



2 



4 




11 



2 



3 



15 




11 



7 



n =4 



jLuIULlJ ciLati 4^j^ 



N = 

Asynchronous Binary -Up Counters 
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SN54/74LS90 
SN54/74LS92 

SN54/74LS93 



DECADE COUNTER; 
DIVIDE-BY-TWELVE COUNTER; 
4-BIT BINARY COUNTER 



The SN54/74LS90, SN54/74LS92 and SN54/74LS93 are high-speed 
4-bit ripple type counters partitioned into two sections. Each counter has a di- 
vide-by-two section and either a divide-by-five (LS90), divide-by-six (LS92) or 
divide-by-eight (LS93) section which are triggered by a HIGH-to-LOW transi- 
tion orrthe clock inputs. Each section can be used separately or tied together 
(Q to CP) to form BCD, bi-quinary, modulo-12, or modulo-16 counters. All of 
the counters have a 2-input gated Master Reset (Clear), and the LS90 also 
has a 2-input gated Master Set (Preset 9). 

• Low Power Consumption . . . Typically 45 mW 

• High Count Rates . . . Typically 42 MHz 

• Choice of Counting Modes . . . BCD, Bi-Quinary, Divide-by-Twelve, 
Binary 

nput Clamp Diodes Limit High Speed Termination Effects 



PIN NAMES 




CP 


Clock (Active LOW going edge) Input to 




-r2 Section 


CP1 


Clock (Active LOW going edge) Input to 




-5 Section (LS90), -6 Section (LS92) 


CP1 


Clock (Active LOW going edge) Input to 




-8 Section (LS93) 


MR-), MR2 


Master Reset (Clear) Inputs 


MS-|,MS 2 


Master Set (Preset-9, LS90) Inputs 


Qo 


Output from h-2 Section (Notes b & c) 


Ql,Q 2 ,Q3 


Outputs from -5 (LS90), -6 (LS92), 



LOADING (Note a) 



HIGH 


LOW 


0.5 U.L. 


1.5 U.L. 


0.5 U.L. 


2.0 U.L. 


0.5 U.L. 


1.0 U.L. 


0.5 U.L. 


0.25 U.L. 


0.5 U.L. 


0.25 U.L. 


10 U.L. 


5 (2.5) U.L. 


10 U.L. 


5 (2.5) U.L. 



-8 (LS93) Sections (Note b) 

NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1 .6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military, (54) and 5 U.L. for commercial (74) 
Temperature Ranges. 

c. The Qq Outputs are guaranteed to drive the full fan-out plus the CP-| input of the device. 

d. To insure proper operation the rise (t r ) and fall time (tf) of the clock must be less than 100 ns. 



DECADE COUNTER; 

DIVIDE-BY-TWELVE COUNTER; 

4-BIT BINARY COUNTER 

LOW POWER SCHOTTKY 




J SUFFIX 

CERAMIC 
CASE 632-08 



1 




N SUFFIX 

PLASTIC 
CASE 646-06 



1 




1 



D SUFFIX 

SOIC 
CASE 751 A-02 



ORDERING INFORMATION 

SN54LSXXJ Ceramic 
SN74LSXXN Plastic 
SN74LSXXD SOIC 



LOGIC SYMBOL 



LS90 



LS92 



LS93 



14 
1 



6 7 




14 
1 




2 3 12 9 8 11 

V C C = PIN 5 
GND = PIN 10 

NC = PINS4, 13 



6 7 12 11 9 8 

V C C = PIN 5 
GND = PIN 10 

NC = PINS 2, 3, 4, 13 



14 
1 




2 3 12 9 8 11 

V C C = PIN 5 
GND = PIN 10 

NC = PIN4, 6, 7, 13 



SN54/74LS90 • SN54/74LS92 • SN54/74LS93 



LOGIC DIAGRAM 



LS90 



MSi 

MS 2 



CP 



CPi 

MR 2 




0= PIN NUMBERS 

V C C = PIN 5 
GND = PIN 10 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 




14 


CP 


13 NC 


12 


Qo 


11 


Q3 


10 


GND 


9 


Q1 


8 


Q 2 



NC = NO INTERNAL CONNECTION 

NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 



LOGIC DIAGRAM 



LS92 




0= PIN NUMBERS 

V C C = PIN 5 
GND = PIN 10 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 




14 


CP 


13 


NC 


12 


Qo 


11 


Qi 


10 


GND 


9 


Q 2 


8 


Q3 



NC = NO INTERNAL CONNECTION 

NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 



LOGIC DIAGRAM 



LS93 




= PIN NUMBERS 

V C C = PIN 5 
GND = PIN 10 



CONNECTION DIAGRAM 

DIP (TOP VIEW) 




14 


CP 


13 


NC 


12 


Qo 


11 


Q3 


10 


GND 


9 


Q1 


8 


Q 2 



NC = NO INTERNAL CONNECTION 

NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 
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FUNCTIONAL DESCRIPTION 

The LS90, LS92, and LS93 are 4-bit ripple type Decade, 
Divide-By-Twelve, and Binary Counters respectively. Each 
device consists of four master/slave flip-flops which are 
internally connected to provide a divide-by-two section and a 
divide-by-five (LS90), divide-by-six (LS92), or divide-by-eight 
(LS93) section. Each section has a separate clock input which 
initiates state changes of the counter on the HIGH-to-LOW 
clock transition. State changes of the Q outputs do not occur 
simultaneously because of internal ripple delays. Therefore, 
decoded output signals are subject to decoding spikes and 
should not be used for clocks or strobes. The Qo output of 
each device is designed and specified to drive the rated 
fan-out plus the CPi input of the device. 

A gated AND asynchronous Master Reset (MR-| • MR2) is 
provided on all counters which overrides and clocks and 
resets (clears) all the flip-flops. A gated AND asynchronous 
Master Set (MS-| • MS2) is provided on the LS90 which 
overrides the clocks and the M R inputs and sets the outputs to 
nine(HLLH). 

Since the output from the divide-by-two section is not 
internally connected to the succeeding stages, the devices 
may be operated in various counting modes. 



LS90 



A. BCD Decade (8421 ) Counter — The CPjjnput must be ex- 
ternally connected to the Qo output. The CPo input receives 
the incoming count and a BCD count sequence is pro- 
duced. 

B. Symmetrical Bi-quinary Divide-By-Ten Counter — TheQ3 
output must be externally connected to the CPo input. The 
input count is then applied to the CP-| input and a divide-by- 
ten square wave is obtained at output Qq. 



C. Divide-By-Two and Divide-By-Five Counter — No external 
interconnections are required. The first flip-flop is used as a 
binary element for the divide-by-two function (CPo as the 
input and Qo as the output). The CP-| input is used to obtain 
binary divide-by-five operation at the Q3 output. 



LS92 



A. Modulo 12, Divide-By-Twelve Counter — The CP-| input 
must be externally connected to the Qo output. The CPo in- 
put receives the incoming count and Q3 produces a sym- 
metrical divide-by-twelve square wave output. 

B. Divide-By-Two and Divide-By-Six Counter — No external 
interconnections are required. The first flip-flop is used as a 
binary element for the divide-by-two function. The CP-| in- 
put is used to obtain divide-by-three operation at the Q-| 
and Q2 outputs and divide-by-six operation at the Q3 out- 
put. 



LS93 

A. 4-Bit Ripple Counter — The output Qo must be externally 
connected to input CP-| . The input count pulses are applied 
to input CPo- Simultaneous divisions of 2, 4, 8, and 1 6 are 
performed at the Qo, Q1 , Q2, and Q3 outputs as shown in 
the truth table. 

B. 3-Bit Ripple Counter — The input count pulses are applied 
to input CP-| . Simultaneous frequency divisions of 2, 4, and 
8 are available at the Q-| , Q2, and Q3 outputs. Independent 
use of the first flip-flop is available if the reset function coin- 
cides with reset of the 3-bit ripple-through counter. 
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LS90 
MODE SELECTION 



RESET/SET INPUTS 


OUTPUTS 


MR-| 


MR 2 


MS-i 


MS 2 


Qo 


Ql Q 2 


03 


H 


H 


L 


X 


L 


L L 


L 


H 


H 


X 


L 


L 


L L 


L 


X 


X 


H 


H 


H 


L L 


H 


L 


X 


L 


X 




Count 




X 


L 


X 


L 




Count 




L 


X 


X 


L 




Count 




X 


L 


L 


X 




Count 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 



LS92 AND LS93 
MODE SELECTION 



RESET 
INPUTS 


OUTPUTS 


MR-| 


MR 2 


QO Q1 Q2 Q3 


H 
L 
H 
L 


H 
H 
L 
L 


L L L L 
Count 
Count 
Count 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 



LS90 
BCD COUNT SEQUENCE 



COUNT 


OUTPUT 


QO 


Ql Q 2 


Q3 





L 


L L 


L 


1 


H 


L L 


L 


2 


L 


H L 


L 


3 


H 


H L 


L 


4 


L 


L H 


L 


5 


H 


L H 


L 


6 


L 


H H 


L 


7 


H 


H H 


L 


8 


L 


L L 


H 


9 


H 


L L 


H 



NOTE: Output Qq is connected to Input 
CP-j for BCD count. 



LS92 
TRUTH TABLE 



COUNT 


OUTPUT 


QO 


Ql Q 2 


Q3 





L 


L L 


L 


1 


H 


L L 


L 


2 


L 


H L 


L 


3 


H 


H L 


L 


4 


L 


L H 


L 


5 


H 


L H 


L 


6 


L 


L L 


H 


7 


H 


L L 


H 


8 


L 


H L 


H 


9 


H 


H L 


H 


10 


L 


L H 


H 


11 


H 


L H 


H 



NOTE: Output Qq is connected to Input 
CP-). 



LS93 
TRUTH TABLE 



COUNT 


OUTPUT 


QO 


Ql Q2 


Q3 





L 


L L 


L 


1 


H 


L L 


L 


2 


L 


H L 


L 


3 


H 


H L 


L 


4 


L 


L H 


L 


5 


H 


L H 


L 


6 


L 


H H 


L 


7 


H 


H H 


L 


8 


L 


L L 


H 


9 


H 


L L 


H 


10 


L 


H L 


H 


11 


H 


H L 


H 


12 


L 


L H 


H 


13 


H 


L H 


H 


14 


L 


H H 


H 


15 


H 


H H 


H 



NOTE: Output Qq is connected to Input 
CPi. 
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GUARANTEED OPERATING RANGES 



Symbol 


Parameter 




Min 


Typ 


Max 


Unit 


vcc 


Supply Voltage 


54 
74 


4.5 
4.75 


5.0 
5.0 


5.5 
5.25 


V 


t a 


Operating Ambient Temperature Range 


54 
74 


-55 



25 
25 


125 
70 


°C 


'oh 


Output Current — High 


54,74 






-0.4 


mA 


'OL 


Output Current — Low 


54 
74 






4.0 
8.0 


mA 



DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise 


) specified) 




Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typ 


Max 


V| H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage for 
All Inputs 


V|L 


Input LOW Voltage 


54 






0.7 


V 


Guaranteed Input LOW Voltage for 
All Inputs 


74 






0.8 


V|K 


Input Clamp Diode Voltage 




-0.65 


-1.5 


V 


V C C = MIN, l|N=- 1 8mA 


VOH 


Output HIGH Voltage 


54 


2.5 


3.5 




V 


V CC = MIN,I H = MAX,V| N = V|h 
or V||_ per Truth Table 


74 


2.7 


3.5 




V 


vol 


Output LOW Voltage 


54,74 




0.25 


0.4 


V 


Iql = 4 -0 mA 


V C C = V CC MIN, 

V|N = V||_orV| H 
per Truth Table 


74 




0.35 


0.5 


V 


Iql = 8.0 mA 


l|H 


Input HIGH Current 






20 


uA 


VCC = MAX > V IN = 2.7 V 






0.1 


mA 


VCC = MAX, V| N = 7.0 V 


IlL 


Input LOW Current 
MS, MR 

CP 

CPi (LS90, LS92) 

CPi (LS93) 






-0.4 
-2.4 
-3.2 
-1.6 


mA 


VCC = MAX > V|N = 0.4 V 


'OS 


Short Circuit Current (Note 1) 


-20 




-100 


mA 


VCC = MAX 


'CC 


Power Supply Current 






15 


mA 


vcc = MAX 



Note 1 : Not more than one output should be shorted at a time, nor for more than 1 second 



FAST AND LS TTL DATA 
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SN54/74LS90 • SN54/74LS92 • SN54/74LS93 



AC CHARACTERISTICS (T A = 25°C, V C c = 5.0 V, C L 


= 15pF) 




















Symbol 


Parameter 


Limits 


Unit 


LS90 


LS92 


LS93 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


f MAX 


CPq Input Clock Frequency 


32 






32 






32 






MHz 


f MAX 


CP-j Input Clock Frequency 


16 






16 






16 






MHz 


tPLH 
tPHL 


Propagation Delay, 

CPq Input to Qq Output 




10 
12 


16 
18 




10 
12 


16 
18 




10 
12 


16 
18 


ns 


tPLH 
tPHL 


CPq Input to Q3 Output 




32 
34 


48 
50 




32 
34 


48 
50 




46 
46 


70 
70 


ns 


tPLH 
tPHL 


CP1 Input to Q1 Output 




10 
14 


16 
21 




10 
14 


16 
21 




10 
14 


16 
21 


ns 


tPLH 
tPHL 


CP1 Input to Q2 Output 




21 
23 


32 
35 




10 
14 


16 
21 




21 
23 


32 
35 


ns 


tPLH 
tPHL 


CP1 Input to Q3 Output 




21 
23 


32 
35 




21 
23 


32 
35 




34 
34 


51 
51 


ns 


tPLH 


MS Input to Qq and Q3 Outputs 




20 


30 














ns 


tPHL 


MS Input to Q1 and Q2 Outputs 




26 


40 














ns 


tPHL 


MR Input to Any Output 




26 


40 




26 


40 




26 


40 


ns 



AC SETUP REQUIREMENTS (T A = 25°C, V cc = 5.0 V) 



Symbol 


Parameter 


Limits 


Unit 


LS90 


LS92 


LS93 


Min 


Max 


Min 


Max 


Min 


Max 


tw 


CPq Pulse Width 


15 




15 




15 




ns 


tw 


CP-| Pulse Width 


30 




30 




30 




ns 


tw 


MS Pulse Width 


15 












ns 


tw 


MR Pulse Width 


15 




15 




15 




ns 


Vec 


Recovery Time MR to CP 


25 




25 




25 




ns 



RECOVERY TIME (t rec ) is defined as the minimum time required between the end of the reset pulse and the clock transition from HIGH-to-LOW in order to recognize 
and transfer HIGH data to the Q outputs 

AC WAVEFORMS 



CP 



1 



Iv\ 



tPHL 



•* — 1 



tw 



v 



3V 



Q 



1 



7v\ 



tPLH 



A 



3V 



Figure 1 

The number of Clock Pulses required between the tp|_||_ and tp|_|_| measurements can be determined from the appropriate Truth Tables 



MR&MS 



CP 



Q 



1 



£V/ 



tw 



tPHL 



v 



3V 



MS 



1.3V 




t 



rec 



v 



3V 



CP 



v 



3V 



Qo*Q3 

(LS90) 



tPLH 



Figure 2 



tw 




v 



3V 



t 



1 



3V 



1.3V 



Figure 3 



FAST AND LSTTL DATA 
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+ -^s * 




*iy 



SIS 



^1 

EMAIL : LOUASSEF@msn.com 



2Lui Um 



♦♦ ♦ 




jiUj 






L*!jJ 










\Vlc 



'J 








Shift Registers AHjVI u^ut* 



iCjLjLuJI ^jj^itll d^Lc Cj^La- ml I a Jiir^ utJj c 4-LLa IajJ 1 4 j a La il 1 J j^tjJlJt 



t'-H 





4_J^L^ dj^Jl^ 4 V> r ol^J (bit) Jj*-<2-« ^JLJj f^-^J L^dL/"^ 1 "* U*^ *V *Ul UjL^J 4-J^LjJI j^IjJlU SJLl Lull 1 m r nljj (J-^J 



s* 



A JlifclLcaJ ^ JUl A £ J^C—Uxiu (—3 >JU Lc f, Lj_U L*_A 4_J^LflJ I >jIaJlJ! ^jH JJl^. (Jj-jLO OJ ^J_^=3_4_i /^-J ^J_d ^ £ 6 _> IV d ^ 



2_U 



^ 




1 ^ LflJu 1 J J ig O ^ cilJia on r (^°) 4^ilaj oCuoja c2jLjlj-uI ^j_a SiujLlo ^-4 










Shift ) <jr^l jl (Shift Left) jL-JI J! oUUJI oJjV _jl (Buffer Register) J>JI /\ JiUI o 





U 




LM 




11 3 (Parallel Data) Jjjlji. oliLu Jl (Serial Data) XJUHI oLiLJI J^ «T (Right 



.(Shift Registers) i^ljV! ^>L^« 



Buffer Registers J>*ll cj}L*^« 

(j-« <LCj^Jta (j_^ ij^^aua (Digital WOrd) 4-L»Jaj 4 al^= (jjj^jell a JlJ-" f iij iLsLuijj Jlj^fcll (Jja- i ii a 

(4 -stages) J^ 



i>* ti>'cH»U9 



A Jj^C J^-cu^ *L_U 4-^= £--^J^ 



(I) J^i A .(bits) i^LciJl ^LSjVl 



<>aljJill 4 r^rA 4_i^^it 4_£>UJ| ju^ ljU.An pij ^ij D g^ill ^ CiL}U]| j^tjj J jLSei^L 



.(Positive edge-triggered) 



(i-bit word to be stored) ^jijiii ^ 1^3^ <_^imi o^LJ 



Dl 



CLR 



D2 



D 3 



D 



4 




(parallel data outputs) ^IjH! ^ 0L.UJI r-ji 



S>* 



(I) 



D g^iJI ^ cjL>UJt j^Ijj A ) aiiuiL J^lj^ j^jt <>A u^ 13 ^ Jj^ J^-^ ( 1) J 




■cu 



Clock 




J^jJIciLLu 

Tnrmt data 



D 



1 



D 



< 



2 



D3 



^_D 4 




Output data 



Qi 



Q 



< 



2 



Q3 



v_Q 4 



i 







1 







(<->) 



(I) J 




a 4 j>ji j^d ^jji d^kiai ( v ) j 




JLM 



D i ' D 2 ' D 3' D 4 •>' jdL1 1> ^ ( £ -bits) ^Ld fia,t i^T ^ 03^=^ eA% U^ V3 1UI oUL, 



J^J_a J_k: 2_l3*>* U-a'3 3 ^"^ Jjl ^J^ J- 1 ^ Q 1? Q^ Q > ^ ^J^' Cr 1 ^ J-^J J^-*^4- 

•(CK)(>lj^'^l-^ 






i^UJI ju^i J^^l^l^^jfUij^^ £ji^l <^ULJ 



J^jJ^ ^Ml "oIj-^ja 



OJ- 




./Tj^^J! (jj-i^. aj di uj a 4_<Lt-^J d_^j>*j_a Q^^aJ cIjuLuj! 0jL& .^j-aIjIuI 4 tja-uj 4_l>*jJj 



L^vtjJwJ ^jj t Jj*- coXl c JiwjJL ^jt^jJt ( JT i^. SH^ (*^J^ 4 -*t i J^ CJ-^ 4-^5^=^ 4-$1^3 JLiot ^j <GI lLwO*j 



^ 



^ 




4-jjtjILc- (JiwjJLl SjjI^ILc Cj^L?c-<-u-4J ^ 3 l uJ La LJLc. (Jj^t CJ^Lsciu-d ^jLa (JJJjlJ i L^j! (^jl^l!l ^j^ 



4-J1 mtl 4_^L>Jl 



U ,V,t,lj (Clear-input) ^ ,.,.,U J-^oj . (Parallel-in, Parallel-out Registers) 

.(i^a 4 l^tt £-cu^) cjLjMHI j^tjji ;->*-> j-cJL ^jiiticuj (active-low) 



Shift Registers 



L> 




o 




9- 



* 



b 



L^j (Shift) LgTcv I jl j I (move) L$ 



* 





uLil 



-U. 



♦* ♦ 



0±H^ ck 6 -"^ 3* ^'jV ck 



:^j.(YV i)J 




iJL 



^ 




jVI cjM^J. Ll^L^M 5iiMiJI ft^lj . 




(Serial-in, Serial-out Shift Registers) rj-^X\ "^\_f^ — J^jlII 4_J'> La 



IMoM^ 



Ai-4 



.(SISO) IjL^I c_, 



(Serial-in, Parallel-out Shift Registers) rj-itXI ^-jjlji* — J^-jUI i^lji* 



b 



(Parallel-in, Serial-out Shift Registers) gjJ*X\ i-Jl^^o — Ji-jJ.1 ijjl>u 



b 




'' — ■ * 



'J 




.(SIPO) ijU fl^ l ^n^jj 




.(PISO) IjL^I «.r,^- j 



Serial-in, serial-out (SISO) Shift Registers 



Shift Right 



Serial-in 



Rotate Right 



Shift Left 



Serial-Out 



Serial-in 



Rotate Left 



> 



(!) 



Serial-in, parallel-out (SIPO) Shift Registers 



Serial-in 



Y 

Parallel Data Out 



(m) 



Parallel-in, Serial-out Shift (PISO) Registers 




Parallel Data In 




f 

V V 


V v 














Serial-Out 

— ► 













.CU 



plj-J^I 0jLjfc £)_4 pJ_J (J-^ 3 J J l^jVjtL jLJ^Lci^ jJi 




Jl t S> cTi ) Cj^L?r Lull 0jL& / 1 1 + luJ 4 trtt 




:<j 




^^>iiai 



g^l Vlp* - J*nU! Mji. i*.\# | c£L*u*. 



Serial-in, Serial-out (SISO) Shift registers 



(J 



>o JLiil I Jl-A ^_ .4-j^ljVI (Jjae Li,ifl J or 4_tiL^=3 tcjc^jj ^JlJIj 4 JjJljv *-_a I JL-j u-l^ 



.LjJ i*lj! djjj^ jUail 2_ J^cJL! Jio 




4j^lj2! Jj^E-cu-O (J-3-C 4 J^J 





lULJ! (r l Clock pulse) J s ^\ £y*\jJl\ U^ 



WW* 



'J 



it* 



j! JlJL^J 



OJ- 




nd 



J 4 



(2 Clock pulse) i_uli]| <>! ul! i-^ jl^ . J*_u4I <>« J^l ;GL*JI J*l j i*N <d dj 



^L^ijjVl <>a cT}-*2j (jJ>><J («U Ulu Jse-<-aJtl £jt* L^s-ljl CUju JL2 0000 iJj^JeJtl ^t^jVl £ya oy£j tdtlA 



(JJ- 








f 



4_<_U 



o- 




jii^ji .^utjji^ijjui 4_u^ juu . 1001 i-ji>a 



♦% * ^J 



UJ 



<L> <U>it« (j ^1 (jj-^J (Jje-i.a. U J-»-l.i J_at^iJL> 



ijlVi. 



% % 



4J ( rtj^-> i^j-1 C^j-^J 



< L 



% ♦♦ 



4*^ ^ ^ 



1001 J^jlJI ^ as.UU o Li Lull ^1 



IjVI J^coX JLluiLuiVI JjicVitl ^>1^ o^l 



IjVI J^c^ s^SI j *LlJ cLj>UJ! j^Ijj 



Serial 

Data 

Input 



Clock 
Input 






SISO Shift Right 



0) J 




Serial 
Data Out 




JUU 



Serial 
Data Out 



Clock 
Input 




B° 





SISO Shift Left 



M J 




Serial 

Data 

Input 




^-o 



► — > — > — ■► — ► 



SISO Rotate Right 



SISO Rotate Left 



U) J 




JUJ 



.Jrvlj^j £jj| £ya 03^" J^J 0>*f ObjAi jL-^lj LTHh^l <J\ 



b 





J ^Ijiiel^L <^Uij (4-bits) J^b-a £-Jj? (>a 03 




1)1 J^-^*^ £-"»_£ ( 1) J ^~* '"' 



Sj^l j ^jiwj < (BO ) JjVI v>LU! S^SIjJ D u*j3*i\ J\ l^Lio! ^ ijlljill oLiLuIl D ^Ul ^ V }LUI 

(Ql) JLulill V >UJI SjJI j £jJwj < (Bl ) i-ulSll ^%2i\ s^l jJ D J^jlSI J! J^jj (Qo) J jVl ^MSJI 
Sj^I jJ JiwjJI J| J^^j (Q2) J&llSIl <_£UII s^Sb £>.j < (B2 ) SSIlill V }UII s^SU Jijdl J! J^j 



i^jjVI CjULJI J^JJ*-^ (tO-J £y» 1 I^J O Ua^ £J j I J\ ^bj»o £>iJI Jljla — Ji-jJI J Ijlo ia-ljVI Jj*-<^> 

C1U5WI i*!j)f ^jJwl oL^ jjj! Jl ^b^j J^J.! !x* op 5 lSj^I ^^ i>J ' J^^> c^ Sj>_^jII 



% * 



£^J'<J-*U5 




a jL-o^J! J I ixljj J^uix *L±> 4 jnj^-> L-LJ ^c^jj (<_j) J 








(SISO Shift- Left Shift Register) r >J! ^I>u - Ji. jJI ^l>u J^i ^ D gjjtfl <>. o>U> 



^jJLl Bj^ljJtj 



lo 




^jiwf Bj^o (Jiiitl! Dj^iLuo I gjl <^ JJ fCL-J (c_j) J^-> M f t (?) J 




♦ * 



JUJ 




JLJIoSllolJl 



J_l 



4 Cj 1 a_u L^j 1 1 / iia ♦ > ^ 



*♦ — • 



♦♦ ♦ 



♦* ♦ 



L> 




% ** 



Ul 



4*F<. 



^U-J 



fuj i^jLiJ! cjULJI 6' c^-^ 'J? -^IIJI^ULI J^jJIl^j-L Jl 



Oj-^f Obi- 5 ^J-^^' Cr 51 ^ ~~ (J^^-^ Cr 1 




(* 



<-uU CjI -lL^aJ 1 0j & ^ t uJj J Jjaj £) I (Jj-i 





j_a U^=j (SISO Rotate-Left) jL^ obi^ ^j^^ 1 cP 1 ^ _ J^^' c^^i (SISO Rotate-Right) 



•U)J 




* * 




LM ^— 7ZUL&&JQ 



g^l i^ju - Ji>dti| Vlj^ ***ty e>&~** 



Serial-in, parallel out (SIPO) Shift registers 




^jt^ILo — J^jJl ^JtjJLc <Lv!j2! fJJf' iojQJ i? 3 <■ "J L^^'J i>.lj2! Cj^La- mfl £)-£ ^jLlIi pJJtll 7Cjti»jJ J 




.cxi 



^k, oliLJI Jiwjua j^Jc (4 -bits) t>a Oj^nUj A-iHjlU ^ULJI ^jiUl fOj cJ^jJLI liA2_C»ULjJI JlaoVj 

cjrj-*_J1 oU^J 2_ sjl^Ij i^ljj) i-LcljplI Ji. jlJI oI ,\n 2_ j^aLstUI c^5 L^ljl fO^ (Serial data input) J l>tfl 



.(^ tia 1 1 (J^=J 



Serial 

Data 

Input 



Clock 
Input 




Parallel data outputs 




^jl^ILc - (J^Jul ^jl^ILc 4^*'J' (J^* <■ <■' & 



Lupa J^^JLl I jla J_^l j J |p]| ^ (4 -bits) ^ LSjT i^jl ^ ; '-j *-~ - 1 J^-, ^r^ 3 ] JlioVj 



.^IjUl Jk £> ^ -bits) r lSjT ^jt^= 

Parallel-in, Serial-out (PISO) Shift registers 



J^OJI (£)!_£* £>tfl {yA J^l>« J-Jj) (>« U5^=" J^-"<^ *Ll> U ^"-' ' ^i^" 1 £"»Ji J 




^_o 



c^j^Is (3i>^ 0-^- ^J^t^l ^_ f>^-TfclJl r<u-J .D £ jJJI c j_« CjLj^LHI j^lj-i aI Jiitlu-uLj <iUij J>^' cr^J^ 



c 



(Low) ^^1 4. SHIFT/LOAD ^^Ul ^j_U <j.^=> L«^ .SHIFT/LOAD J^jJI ^ 




p^^~ ti SjLil (ju^iaJ 4-Tej.u (Enabled) 3 1-. <ij 03 




VI 6^W iiliai AND 0LI3JI ^l^j. ^li 
1 Lj La ^ jj-a cjLjLJI Jj-^sjj (_lc J-**3 iJUiJI cjLLJI oJLjfc .J IkU Inverter ^..^i.ti jjjjia ^ ojl* 



(ClOCk pulse) o-alj-jJI iaiajj Jj-^J 



.oL,}UJI jJIjj ^Jk oULJI Jil j^ Jl oUl 



u. 



♦♦ ♦ 



J^jlJ 



& 





j fl^' j J ?- <"t l (_M»l-> I— *JJJ 



(* 



J ) 



L* 



■<-J 



nLJL 



lil! 



** ♦ 



(J 



l_a 



(SHIFT / LOAD) control 
(1 for shift, for load) 



Parallel data inputs 




Clock 
Input 



Serial 
Out 






b. 




AND oLIj-JI g^**. ,jl-a KHigh) ^^! 4. SHIFT/LOAD ^-ridl ti^a q^ Ujl^j 

Jl Qo^j^JI J_uoj3 UbuiJI 0U5JI ojl^ .(Enabled) ;U ,y» jl UL^ jj^'j- -~' VI u$ULj Ulkil 

< (B2 )iilliJI ^SLSJI spUJ J^jJI Jl Ql^rj^J! J-^j3j <(B1 ) i-iilill v >LaJI s^IjJ D J^jlJI 



ojitJLI oULJI ^li < *x2,^JI I jub 4j .(B3 ) i^\J\ V >L2JI Sj^l^ Jio J\ Q2r>JI J^j: ^JJl^=j 






^- L *-^ 



<>• 



4 fr^t 



h^i J 




t* 



(1 -bit) 



.(clock input) J^jJI ^ s j^^il ^[pll oU\m 



Shift Register Sequencer (Ring Counter) ( w *^ jIja) jjLzH! 




<jr-^ Jlj-C J 




icrlc 



1#l 



IjV I J^-c.ua J^l^jj SiiL^ ^-^JJ ( I) J 




JLM 



ji 




'■>J 








jVI J^ae uua J^t J CjLjLlJI JL21jI Jaj>o ij2L>J! j| AJpl JlSI 4j<^L>Jl oJufc 



^jj luXI 4- £+^ ci>j_^u Qo^j^JI <jUa Low ^^icJLl 4- SRARTp^^iJl cLiw qj^j UjlL^ .^SU. 

= (CLR = 0) Low ^ y, , „U 4-Q1 ,Q2 ,Q3 ^jLUtj .(PRE = 0) High 



f— ^j*s-£-^j-* 




I— ^ 






Clock 



START 




(I) 



CLR 

0-B3 



Q 



3 




jIuLC J 




ttfjc 



\VI 



'J 




J* 



- 4 inA ( I) J 







^U 




Clock — T 

1 

1 
1 


1 


1 

r 


J 


2 

1 


j 


3 


A 




k 


' 


1 

r 


k 


2 


i 


3 
k 


k 





k 


1 

k 


k 


2 
k 




























START 












! 


















1 


1 1 
1 1 
1 1 
1 1 






Q o^ 


1 
1 
1 
1 


1 1 
1 
1 
1 








1 

1 

1 1 

1 






1 1 
1 1 
1 1 
1 1 


1 
1 
1 
1 









1 










Q l^ 





1 

1 

1 

1 1 









1 

1 1 

1 

1 








1 
1 
1 
1 




/^V 1 





1 










Q 2 






1 
1 


1 
1 
1 
1 






1 


1 
1 
1 
1 










1 


! 


( 


) ; 







1 





























3 



(...) 



■ SUtl J judi ^iJI aL^ (<_>) J^i 



Clock 
Pulses 


jIjuJI tjs* 


Qo 


Qi Q2 


Q3 



1 

2 

3 


r 1 


10 












■ iB_o 





,1 




1 



Repeat Sequence 



Four flip-flops will have 
Four output states. 



.yij i 



% ** 



l ^i > j 



4_x-^ 



^ J 




£_* cri^JI 4_^ ^Jjj IjJ ojl^o ciij^u 1000 c 



XJL& 






VI 




4 rtJrt^M JjjLJ>0 TCjC^J^C J_& 1 Q^-n (JJ*- mU Jj>* 1 J (^jUl J J 




coJ 






4_^_1 




Johnson Counter 



oy-^y? ->'^ 



^Ij^c q\ ^jJ Ui=j 



4 / 10-CU 



OJ 



j^>* ^Iji^. ift-iA ( jr ^- SJL^j^c 4j^1jI Q2*" l (,i <\ Sjul^ cA^ (') (J 




.CO 



4_j}Ij9 2 



,jjb 




^ 



LK> 




Uttj^JIl 




u 



Lo-^ 



s* 




i*l 






^l(l) 



J>**4- 



O-^iij- 1 



■> L* 




" "jJLJIjOiVI 



>>> 



Cr» 




.(Dq) 4j>LSJI SjJjIjJI J^ju J-^j^ l^jJI J^ (Q3 ) 



jl JuuM Jlloj 







q 3 eft u>j a 000 ^ < j.ju>ji 4 i^^ji j.jl^j < v ) j 




JU1 








CO 



^Lju l_3 




i^jj uiXI I jl^j (High) ^ji^-aXI 4- oj-^ 5 ^j-^ Q3 uLi 4 S-jl jull jlIc (Low) ^ cJLl 4 




JJjj> LjJLxjI ^Oj (High inputs) i_JL*j( oLp ,„U cj!j> J^jJI ^JJa c^L^Ljj <D J^jJI J I <t_bjJu 
Uj^j .(High) l^jLcuj cjL}UJI jJIjj £_l*^ ^jJw ^l^j <j? J\ l£*jJI J\ jL^uJI 0-« ^'j?' J^^« 



4 (LOW) ^JJ UtXl JLi^ £ 



OJ- 





Q 



3 < 



(iillill <>al>i]l ^^ J^) (High) ^j^al! jl^ Q 3 ^ 



« < -^ * 



ujft <.i.i[\ 0Jl-J 



f 



b. 




%-. S- 




♦ %% 




<jV! i^ljVI J^^ .(Low) L^j! r 1 u>j D <jUa c^L^Ljj 



.(Low) cijLcuj 0LM2JI >5Ijj ^*-> ^jJw ^ , is\\ <jl Jl dry^l ^ I jL-«-aJl o^ (Low inputs) lr^y~*±X\ 



^$^t <->.i\\ JlJ^c ^jj_^=3lj l-^j_co Qo 4 (i^jL-caJI ( j^cljJll! 4 t ^ j 1 Jlju) (Low) ^gj" u,itl Ji—Lc. Q p- j < ^aj LcJlJLcj 



^ 



• I J^»Aj ^>t Sj-a **ljVI Sjjj jlj^=3 4. c-cWb U- (High) L^l ^^3 D ^li ^JlULj (High) 



Clock 




(I) 







1 



2 



3 



4 



5 



6 



7 







1 



2 



3 



Clock 



START 



Q 







Q 



l 



Q 



2 



Q 



3 



Q 



3 



(m) 



Clock 




Jjutll 


£>*■ 






Pulses 












Qo 


Qi 


Q 2 


Q 3 


Q 3 





r 1 











1\ 


1 


i 


1 








1 


2 


i 


1 


1 





1 


3 


i 


1 


1 


1 





4 





1 


1 


1 





5 








1 


1 





6 











1 





7 














1 












J 



4J ^2ucjJ! < Hto-V U rt-LJLtj KjS (jj-cuJ^>* _il JlC (J^~^ "I (jr^- ^"'J * ' U^T L '■' * U^^J^ 



> 



Four flip-flops will have 
eight output states. 



(JJ-UJJ^>* JljLAJ 4 rtjrt"* t| J J 



Repeat Sequence 



c 






4_I^L<LJI jjljjJI JJLC ' ^»-^ ^jLjU iitiei,! 7r>i"<-!l Cj VLi- JJLC (jj^aj (jjj^ij^j*. jljLC IL. 




«12sm o^L^ , JUi LujlJ ,• 



cr- 1 



U5 




-(f) J 




-ex/ 



1/ ^_ *L;r i^jJLl oj^IjlJi (^— ^ ^ J^c uJtl JL 




(2x4 flip-flops =8) 



R- S v*a| jUa^L g^l Vt>** ~ cM! ^li^ M3) ££****• *Jk* 



Serial 

Data 

Input 



shift = 1 




QO 





R 



Q 



s 



Q 





R 



Q 



D 




s 



Q 



Serial 

Data 
Out 

► Qd 



LOad 




74194' ttol 





Sj^l jJI a I Jlielu-ii U aulJI 4jx.|jV| (J2X- t a a 



L^jia J^ iiJ^j £^>J £* (* 



UJI 



IjVI J^e-<-u-4 c-SljioV LSjJLifag» lUU^/i J 



/ /< 






J* :.** 



^jljU! 'Li 





^ 




j^J ClULJI JiwjLXi 



^j-aljIlJI CjLl^lJ (Ji»Ju3 





Srf* 








: ^Jjae-cuJ, I I Juk ^J-tt-LuJ 4_uLt^3J 



-J 1^1 



^ 



M Jj^- cthy Jj^ 1 



JjtMnfl £-^J 


5JL>J! *-t-^j 




JL.JI J! JLJjVI 


<**J» Jl *»i#i 





CK 



X 



X 








CLR 



L 



H 



H 



H 



H 



H 



H 



c£UjJU 



Si 



X 



r 



h 



h 



r 



r 



h 



S 



2 



X 



r 



r 



r 



h 



h 



X 



D 



SR 



X 



X 



X 



X 



I 



h 



X 



D 



SL 



X 



X 



I 



h 



X 



X 



X 



D 







X 



X 



X 



X 



X 



X 



d 







oUjjai 


Qo 


Qi 


Q 2 


Q 3 


L 


L 


L 


L 


qo 


qi 


q2 


qs 


qi 


q2 


qs 


L 


qi 


q2 


qs 


H 


L 


qo 


qi 


q2 


H 


qo 


qi 


q2 


do 


di 


d 2 


d 3 



. U ^IjJI ._ u^jX I cdJai=j (74194) aJUI^-1,1 2^51 jJI <_a!> 



CLR 


1 


U 


16 




DSR 


2 




15 




A 


3 




14 




B 


4 




13 




C 


S 




V 




D 


6 




11 




DSL 


7 




10 




GND 


8 




9 





vcc 



QA 



QB 



QC 



QD 

CLK 



SI 



SO 



74194 u*l 





LH 



JiiJ 




*UI 



<— cJ. 



iPJl 



clow a" 



D 



**utvii ,a ^nr 




ttJlALLll ounvn 



fv^^ui jiJjLaj^uj Ujlui " 74194" fUJi 



;V'J~ 



'j 



4-O-A 



JjlL^I £^j ^jj JjJ^Jl 



♦ %* 



-V ♦♦♦♦ 




c 



LJI 



: Jli« 






J-^Lilll j-^j 


Si 


So 










crj-^^'j! 





1 


jL-u_aJ <L>*ljl 


1 







1 


1 



CK 














X 



I/P 



Si 



X 



















1 



1 



1 



1 







1 

X 



s 







X 



1 



1 



1 



















1 







1 

X 



DS 



R 



X 



1 











X 



X 



X 



X 



X 



X 



X 
X 



DS 



L 



A 



B 



C 



D 



X 



X 



X 



X 



X 







1 







X 



X 



X 
X 



X 



X 



X 



X 



X 



X 



X 



X 







X 




X 



X 



X 



X 



X 



X 



X 



X 



X 



1 



X 




X 



X 



X 



X 



X 



X 



X 



X 



X 







X 



1 

X 



X 



X 



X 



X 



X 



X 



X 



X 



1 



X 




X 



CLR 











Q 



A 







1 



















1 




















O/P 



Q 



B 











1 











1 











1 



1 








Q 



c 



Qd 















1 



1 











1 











1 





























1 







1 



1 








5JU 




iSull 



t 



u-a-A 




'J 




"J 




"J 



d3\-ujji 



J 



L^JU 



'J 



J 



L^Al 



'J 



J 



L^U 



"J 




ciJL-tuc 




£ 



u-O-A 



QD QC QB QA ^jli^ll ^jJl ck$ J-*l :SN 74LS94 Ul J J=-> 



INPUTS 


OUTPUTS 


CLEAR 


MODE 


CLOCK 


SERIAL 


PARALLEL 


Qa 


Qb Qc Qd 


S1 


SO 


LEFT 

X 


RIGHT 

X 


A B C D 

X X X X 


L 


L L L 


L 


X 


X 


X 


H 


X 


X 


L 


X 


X 


X X X X 


Qao 


Qbo Qco Qdo 


H 


H 


H 


t 


X 


X 


abed 


a 


bed 


H 


L 


H 


t 


X 


H 


X X X X 


H 


QAn QBn QCn 


H 


L 


H 


t 


X 


L 


X X X X 


L 


QAn QBn QCn 


H 


H 


L 


t 


H 


X 


X X X X 


QBn 


QCn QDn H 


H 


H 


L 


t 


L 


X 


X X X X 


QBn 


QCn QDn L 


H 


L 


L 


X 


X 


X 


X X X X 


Qao 


Qbo Qco Qdo 




Clock 



fijn_jn_jn_jn_jn_jn_jn_jn_jn_jn_jn_jn^ 



s 



o 






s 



I 






Clear 



S/Right 



S/Left 



A 



H 



B 



L 



C 



H 



D 



L 



QA 



: J 



QB 






_ - i J 



QC 



QD 



QD QC QB QA ^rjli^il ^J ck# J-Sl :SN 74LS94 a^I jl J^ 



INPUTS 


OUTPUTS 


CLEAR 


MODE 


CLOCK 


SERIAL 


PARALLEL 


Qa 


Qb Qc Qd 


S1 


SO 


LEFT RIGHT 

X X 


A B C D 

X X X X 


L 


L L L 


L 


X 


X 


X 


H 


X 


X 


L 


X X 


X X X X 


Qao 


Qbo Qco Qdo 


H 


H 


H 




X X 


abed 


a 


bed 


H 


L 


H 




X H 


X X X X 


H 


QAn QBn QCn 


H 


L 


H 




X L 


X X X X 


L 


QAn QBn QCn 


H 


H 


L 




H X 


X X X X 


QBn 


QCn QDn H 


H 


H 


L 




L X 


X X X X 


QBn 


QCn QDn L 


H 


L 


L 


X 


X X 


X X X X 


QAO 


Qbo Qco Qdo 



*«« 




Clock 



S 



o 



S 



i 



Clear 



_JHLr^JHLr^JHLr^JHLr^JHLr^f^f^f^^ 









S/Right 



S/Left 



A 



B 



H 



L 



C 



D 



H 



L 



QA 



QB 



QC 



QD 



: J 







- - i"J 






\ 




I 



I 



• • "• ••••••••• •% ••••••••••• 



!•••••• ••• 



T-r 



4 



• • •% ••••••••■ 




a_uiLxjJt 



♦♦ ♦ 



EMAIL : LOUASSEF@msn.com 





oi*i 




L*ljJ 






i-M^j (J LtJjj&l 








0^4-> 



-^ljJ. <pil Sj^=! JJI ^u«. j^ <jl V| LlLl Lc il < ij.^vAtl oLl^UJI J\ olj^sl JJI ^L^l J« 



^-a 



(> 



L^L^j SjJ=IjJI £_^ 1 j-4 J^ju j I ij :SjLj1 j^=j jj^M <jpa Bj^ 



\ Ut *^ 



oUJUil c»!jb 4- U . L^L^L 



Ulu £-aUj_J! (Jdi^ieU ROM 3j^=t JJI ^ J 



^ 




L> 



JU&. 



C ^ i ^ * ^ ' ^ < 




o-» u 





..^oUjaJI J*fi 4-flkUlj oLuJ^-ioltj CiL^ai C^jit o^M^ RAM Sj^sl jJI fj± 



jLLMJ 



aUjI 4_lufc L7 1^l ^alj^Jtj oUL-JI (jJ>->iJ 4-j^ *CLj ^jJI (jL^slU 4jLj ^JVI c_<-<-uL>J! 4- 3j^^t jJL H ( <a Sjj 



(0,1) 



♦♦ * 




r £ 



I aJI 4 j O (S>)) ^j-4 4^±z=3L-4 4-U 






Lfi 



< (TTL , CMOS, MOS) Jl* iibj^JI oM^I ,LM kc 



* » «♦ 



jLjL^ 4_U_2J / \-<J-fl-t 1 6 



(J^^ «> 




IoJIjJLuo 



^ 



CjI AtalLa ciJLjjk ^j ^— » 1 j 4 LglcLij^ 4_2j^1s c-S^LI^Lj L^-^e-^J L.^Ii£.j^-u <*^p* (j-£ 3j^d( jJI CjLL^> < klU^Jj 



: (j^J Cj^L^jJLI £ LuTu 1 ^j-4 4-CjJLt^m 3j^dI JlLJ 4-ct 



^J 



^ 



!>^ 







J* :»- . f 



l^j ojjSJJ oULAJ 4ju>^ Jj^>j s>& LjJ 6^=^ 6 






L 



±*4>* 




4^LL < / H < j" ml <j? 



Lflf 1 1^ ^'a S JL^-I 9 4_uL(J 4— *^2 (JLc (£a!L>iJ (jf £y 



(byte 




8 bit) q] &\ 4_^Lu oLAi. ^Ui ^jL-jj 



4 



*iJ 



i a 





i^J-i 



Ij ^LuLu oU. JuZj : (bit) C*JI - 

. 1 ji o 



sjl^j ^aj : (byte) ojUI - 




. ( word = 2 byte) ojLJ! ^ ur^U* ^jUujj ojU! ^ j^=l s j^j ^j ( word ) UJ 



Kind of Memory 




IjJI 



* * 



( OJULL^J 



? 



: 1 g ^ c^-^-^ (Ji L^ CjLjLuJt ^.LSj ^^^.l^. I ^L^l^t Sj^dI jJI <jp^9j < kjJu^aJ ^> 



4-> 



: bri 



1 LalLc 








i(t 



RAM Random Access Memory "^ly^J! Jj^>jJl s>^=l i" ^^..a L^Li t^iiaj^ 



JlIc CjuLjjJI £ys L^LiaIL»ja JLidJ L^jLj 3>^=IJl!I tf JUb j_t^jj a 4_iLj 




Ij 09- 



\j22\ 



* 



l> 




j _j ^y^-cgj LjLpwjj 



. <Hj3J-4 4^juaj ^oIjwlHj CjuLliJi ^jJjj?cIlI aJlJsTlluJj t I j^ ^-JUj^ 




jLU! jJaS 



^^-^ UJf^c ? lI, ^^ 




<> (RAM) s^UaiJi! Sj^=! jJI ( Lii^j ^ 



? - 



^lO^-' ^^■"-'o- 4 



L. 



: Ua o^>i J! ^^W^ 



: (Static RAM) a ,*-, uliJ s>^=l j - 1 



2_ 4%^« JI^J L^UsFlip Flop" c_jM1 Jiwt J ILmkia iJUi^ OLL-JI ^jjj^J fOj L^J 






* * ^ 



SRAMs >^al JJI ^jm> Jl **^iJI JuaaVl o-*^ < 3 >^=l JJI fr* 1 ■>>*** IjaS VI « . , I U n Vj LJL^ jl^>J 



^ 



.^LLJI <> Mala I jjJa <ilLjlu.,j JiJI CMOS <jj£h *-L^j i&U i*>U. 



: (Dynamic RAM) s,*-,,^* s>^=lj -2 

•/ ****** ^^ 



**% * *% 

Juui 




Oulj-JI 0jL& ^j^n tj 4 < rt~^n a ^i^ 4^uj^^=3 iJLjt^L S^uJfc ^^ Oulj-JI ^jj^>iJ ^jj 1 ft j^j 



^ 



(jL-coJ iJjUt^j Uj!j> ^jJmi4 4j^ijcLujJI 3j*^l jJI <j? ^1 . l^iLjul *u I ij VI 2 Jl^Ij LuIj £>* JS? J}U* 



ft t! 



lk3L>iJ ( _ y ^=J ( 4_)jl_21La CjIjUS (_yic. ^jSeJji JuLtJl CjIjjJ J I ' V*-^-» 1 1 I j_4 jj^jjjju (»j-L ciJJ jJj I ^jLIaJt * 



^ 



^ 




j^jj DRAM o] yt, uljJIj $ JJj^-MaLujJl 3j^=l JJI f I Jbelu.1 Jl I il LUSJu ^ JJI La JI>J!j 



^ 



^ 



. JSl Lil^ajj 4 oLjL-JI ^ jwl^I IjjiS ^jlj^l^L tc-^-uj ^^ ^lULj < (^*>JI ^p* o-* L^L^ 






ojufc j^j [Read Only Memory (ROM)] " .ur« s^lj^ll Sj^li" u *ui* l&A*. jILjj 



% * *% 




AjiielLcuJj t 1 ^lc ^jLjj^^JI jLpJt * ^^ Jlic. CjLjLj-JI ^j-4 L^jL^IL?t4 JlSjsj V L#jU 3j^d( JlJt 






f ** ? 



: ROM - 1 



^ ^ 



»t i If 



i^DijJL uLp jl 4 4 ta; ^L^ oLLi^»!jJL uLp x LuaJLl ^_ L^IL^cj^ ^Cjl^ (l^ ^?^» 3^!j^2jI 3j^=3ii ^^lujj 



: PROM - 2 



^ 



tf ...... . . . t! 



4jL^L£o*V ut-U 4 r qJljl* L^ls^Aj^u (^£p M,f,tl ^J^Sj ^^p^ 4j5e^j^(I] 4JuL2JI < La <& S^lj^2JI Sj^ali ^ <; r uJJ 



(^jj^I 3j^ 1 ($jir 4ji i^-ni tlj 1 ^^r t u 4 ^j-^=3L4-i V 3j^c (JjV 1 (^jlr 4ji i^n tl JLJUJ 4 io^L>J 



:RPROM -3 



*_lcj>* 7e-ca^J ^jl (^p-tiL^JJ *J^~~^ 4 s ^-^P^ ^^^hr'J V f M ^ iijLajl da ^^ S^Ij^SjI Sj^^dI J ^-^-Lf.tJj 



^ 



3 Jl^u ^j^Liw tiJuij c Lu^2j 4 ^j^> n ^j^ M<r 3 Jii ^J7" uiAJu 3^ -^' ^-*-^^-I ^ ' ^Jj ** (3d>^ O^ *-6^4i5-^ ?e ^ 



jj^3l!j £y *j^~^ 4 S J <■ l£>^' ^J*^ 1 ^J <JLl^3 11 ^j^suCJ ciJJi J^*JJ a I aL^aluJ 3j*j| jJI cka_<-uj ^_ i-i^L>^j 



\j^A 2 JLC 4-jQ^3 Hj 





: EEPROM - 4 



li> L ^" l> 



* 



»! 



4-* 



L^Wj^ 




4j9e^j»-lJIj 7r-LfjL^.U iLLLlI da %3 S^ljJlJI 3j» 



tf 





'j 



. 4-.SL 



^4>4 



ioLcj^ Sj^=l Jul jj-a 3jj>-lj ^ i '^-~* ?t-«jj-a ^Lul±= * 




L (EPROM ) s>^=!jJl &c s>^=!jl!! tjj* we* 



ROM 



ij^=ljJI '4-^jJ^^ ^=Ia^\ oL^ ^j^bJI ojJ4> M 




A 4JU 



b 




(ROM) jt^i jj|j (RAM) s^l jJI ^i ^jj J 



,-aJIJ 



'-> 




I jJI ^ 




(ROM) s v2i^ 



L> 



PROM 



EPROM 



EEPROM 



4_l 



(RAM) s ^LLi* 




4-4 



Loj 



4_l 




dLlu 



(ROM) j (RAM) ij^=\ jd! ^ 










^ 



ilS 
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<j-b>*}t 




LujLuj 




L*ljJ 






4jlo^jJ| ^aj^tJl ujLiLy 









4-L^. 



4-^.lS (J^-U 7rj^>- LkajLLJ J^J^is (J^- ^-t^SjJ 1 (J^Ll2J1 3j*^>*I ^_ 4_i_uL2JLl Ci La j-U-t 1 f^yzj^. s£a 



j^lClU i^^iLa ^u^j 4-^jJt oL^Ldl c^ijJl o^j^Jl ik^ ^giiuij as .( Digital Display device ) 



(^ 



U 






LW 1 ^* 



4jI jJI i jib 



E 







& 





<Tj1 in* 



T 




4i. Jj lii^ja 



4—uaJJ ii.Jpa 







( ° - W ) JSJJI 





7 Segment Displays ( 4jt,UuJ t ftLjtjtiuit Sjt^j) 4jQ^jJt (j^jtJtJt ujLujLj 

I Jlxj ■ o < uJj * f u| a ^LLaj (^-1^. £ J) t^a 1 1 4lt£.Lij| Cj\ Jl^jJLI ^a 4 j^^jjI ^2>j*juI 4-tliLtlu yj)i «oj ^Hj 



a^jJI ciLcLJIj ^LiJ! sj^.? £* f ^-^ tA ( Seven Segment Display ) 



^'J^t 1 " 






J 



AJlj (CommonCathode) aipA* J^^i (Common Anode) ^vi^ .u,^, ui 



- £- 



^rf-^J O^J^ 1 * ^J *>>'-> O^J^ 




7 -segment display 



■D- -D- -D- -D- 

a 



< 



f 



n 

g 



> 






g 



n 



b 



ft 

c 



g 

v 



d 



p 






o o o o 



decima 
point 



^cjIj^JI A^PLwo ij^y^ Q^^~J 



: 0c&^ <j^j^' oLiLi *L> j^fj 



♦♦(Common Anode Displays) dJjJuM) Lau^iil SJLluojj 

j^JL| jJu^ai i^jll cJ^LJl « ilj^j^ oLshiU (Anodes) JpUail £^ oLiUJl oJla ^i 




(a, b, c, d, e, f, g, jtel ^ULl Ja^il J^y v« iU.^1 oi* ^ jti ^1 ^U> 

-^-jil JLfi-l j-UaJ: iL^^Jl aJUfc Jajj JUp (I) JSwJl ^ US' «. cJy jue> Ujl-O* ojLil d. p) 



IpI 



y 



(14-12)jXiJl^U5'J»^l^ojli.«Ulv r J W Upj 4 (2v, 20 mA) Jb-jll olL^lj* 




(») 



a 



b 





e 



f 




+VCO 



O 





g 



<H3- 





a 



b 



c 




e 



f 
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Philips Semiconductors 



Product specification 



Dual JK flip-flop with reset; negative-edge trigger 



74HC/HCT73 



PIN DESCRIPTION 



PIN NO. 


SYMBOL 


NAME AND FUNCTION 


1,5 


1 CP, 2CP 


clock input (HIGH-to-LOW, edge-triggered) 


2,6 


1R, 2R 


asynchronous reset inputs (active LOW) 


4 


Vcc 


positive supply voltage 


11 


GND 


ground (0 V) 


12,9 


1Q, 2Q 


true flip-flop outputs 


13,8 


1Q, 2Q 


complement flip-flop outputs 


14,7,3, 10 


U, 2J, 1K, 2K 


synchronous inputs; flip-flops 1 and 2 



icp!~T 






U 


u]u 


ir|Z 




13] 1Q 


ik[T 




J2jlQ 


v C c [I 


73 


TT|gnd 


2Cpf"s" 




1o]2k 


2hIZ 




TI20 


2jfT 




T) 2 Q 


7ZB3I8I 


1 


Fig.1 


Pin configuration. 
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1 1CP 
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2R 
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2Q 9 



1Q 13 
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7Z93187 



Fig. 2 Logic symbol 
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8 



7 2 93 188.3 



Fig.3 IEC logic symbol 
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14 


U 


J Q 
CP FF1 

K 5 

R 


1Q 


12 


1 


1CP 
ft 


1Q 




3 


1K 


13 










2 


1R 
















7 


2J 


J Q 

CP FF2 

K Q 

R 


2Q 


9 


5 


2CP 


2Q 




10 


2K 


a 


6 


2R 















7Z93189 



Fig. 4 Functional diagram . 



FUNCTION TABLE 



OPERATING 
MODE 


INPUTS 


OUTPUTS 


nR 


nCP 


J 


K 


Q 


Q 


asynchronous reset 


L 


X 


X 


X 


L 


H 


toggle 

load "0" (reset) 
load "1" (set) 
hold "no change" 


H 
H 
H 
H 


i 
i 
i 


h 
I 
h 

I 


h 
h 
I 

I 


q 

L 
H 

q 


q 

H 
L 

q 



Notes 



1. 



H 
h 



L = 



q = 



X 



HIGH voltage level 

HIGH voltage level one set-up time prior to the HIGH-to-LOW CP 

transition 

LOW voltage level 

LOW voltage level one set-up time prior to the HIGH-to-LOW CP 

transition 

lower case letters indicate the state of the referenced output one 

set-up time prior to the HIGH-to-LOW CP transition 
= don't care 
= HIGH-to-LOW CP transition 




CP 



— {¥}> 






O- 




j^^_P>o- 



7293190.1 



Fig. 5 Logic diagram (one flip-flop). 
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DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see "74HC/HCT/HCU/HCMOS Logic Family Specifications". 

Output capability: standard 
cc category: flip-flops 



AC CHARACTERISTICS FOR 74HC 



GND = V; t r = t f = 6 ns; C L = 50 pF 






















SYMBOL 


PARAMETER 


Tamb (°C) 


UNIT 


TEST CONDITIONS 


74HC 


Vcc 
(V) 


WAVEFORMS 


+25 


-40 to +85 


-40 to +1 25 


min. 


typ. 


max. 


min. 


max. 


min. 


max. 


tpHL./tp|_H 


propagation delay 
nCP to nQ 




52 
19 
15 


160 

32 

27 




200 

40 

34 




240 

48 

41 


ns 


2.0 
4.5 
6.0 


Fig.6 


tpHL./tp|_H 


propagation delay 
nCP to nQ 




52 
19 
15 


160 

32 

27 




200 

40 

34 




240 

48 

41 


ns 


2.0 
4.5 
6.0 


Fig.6 


tpHlVtpLH 


propagation delay 
nR to nQ, nQ 




50 
18 
14 


145 

29 

25 




180 

36 

31 




220 

44 

38 


ns 


2.0 
4.5 
6.0 


Fig.7 


tTHL/tTLH 


output transition time 




19 

7 
6 


75 
15 
13 




95 
19 
16 




110 

22 

19 


ns 


2.0 
4.5 
6.0 


Fig.6 


tw 


clock pulse width 
HIGH or LOW 


80 
16 
14 


22 

8 

6 




100 

20 

17 




120 

24 

20 




ns 


2.0 
4.5 
6.0 


Fig.6 


tw 


reset pulse width 
HIGH or LOW 


80 
16 
14 


22 

8 

6 




100 

20 

17 




120 

24 

20 




ns 


2.0 
4.5 
6.0 


Fig.7 


trem 


removal time 
nR to nCP 


80 
16 
14 


22 

8 

6 




100 

20 

17 




120 

24 

20 




ns 


2.0 
4.5 
6.0 


Fig.7 


hu 


set-up time 
nJ, nK to nCP 


80 
16 
14 


22 

8 

6 




100 

20 

17 




120 

24 

20 




ns 


2.0 
4.5 
6.0 


Fig.6 


th 


hold time 
nJ, nK to nCP 


3 
3 
3 


-8 
-3 
-2 




3 
3 
3 




3 
3 
3 




ns 


2.0 
4.5 
6.0 


Fig.6 


Tmax 


maximum clock pulse 
frequency 


6.0 

30 

35 


23 
70 
83 




4.8 

24 

28 




4.0 

20 

24 




MHz 


2.0 
4.5 
6.0 


Fig.6 
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DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see "74HC/HCT/HCU/HCMOS Logic Family Specifications". 

Output capability: standard 
cc category: flip-flops 



Note to HCT types 

The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications 
To determine Alec P© r input, multiply this value by the unit load coefficient shown in the table below. 



INPUT 


UNIT LOAD COEFFICIENT 


nK 
nR 
nCP, nJ 


0.60 
0.65 
1.00 



AC CHARACTERISTICS FOR 74HCT 



GND = V; t r = t f = 6 ns; C L = 50 pF 






















SYMBOL 


PARAMETER 


Tamb (°C) 


UNIT 


TEST CONDITIONS 


74 HCT 


Vcc 
(V) 


WAVEFORMS 


+25 


-40 to +85 


-40 to +1 25 


min. 


typ. 


max. 


min. 


max. 


min. 


max. 


tpHI_/tp|_H 


propagation delay 
nCP to nQ 




18 


38 




48 




57 


ns 


4.5 


Fig.6 


tpHI_/tp|_H 


propagation delay 
nCP to nQ 




21 


36 




45 




54 


ns 


4.5 


Fig.6 


tpHI_/tp|_H 


propagation delay 
nR to nQ, nQ 




20 


34 




43 




51 


ns 


4.5 


Fig.7 


tTHI_/tTLH 


output transition time 




7 


15 




19 




22 


ns 


4.5 


Fig.6 


tw 


clock pulse width 
HIGH or LOW 


16 


8 




20 




24 




ns 


4.5 


Fig.6 


tw 


reset pulse width 
HIGH or LOW 


18 


9 




23 




27 




ns 


4.5 


Fig.7 


trem 


removal time 
nRto nCP 


14 


8 




18 




21 




ns 


4.5 


Fig.7 


hu 


set-up time 
nJ, nKtonCP 


12 


6 




15 




18 




ns 


4.5 


Fig.6 


th 


hold time 
nJ, nKtonCP 


3 


-2 




3 




3 




ns 


4.5 


Fig.6 


fmax 


maximum clock pulse 
frequency 


30 


72 




24 




20 




MHz 


4.5 


Fig.6 
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